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Seed collected by L. O. Wilson, Assistant 
Commandant at Myitkyina, Burma, in 
1917, gave rise to a plant known at Tocklai 
as Wilson’s Camellia. Of several similar 
plants, raised from the original seed collec- 
tion, only one now remains. It was 
described by Barua (1956) as Camellia 
irrawadiensis. According to  Wilson’s 
notes, the plants from which seed was 
collected were quite distinct from tea. 
They seem to have been growing at about 
2,300 metres altitude in the same locality 
as, and possibly higher than, Kachin 
cultivated tea. The existing ( type ) plant 
is partly fertile with tea (C. sinensis ), but 
if its genetical behaviour is representative, 
the two taxa couid not be completely 
miscible. The leaves of C. irrawadiensis 
are densely and minutely pellucid punc- 
tate. We have shown similar punctations 
to be indicative of hybrids and back-cross 
hybrids when tea is the seed bearing parent 
(Wight & Barua, 1957). Neither the 
reciprocal cross nor back crosses to C. 
irrawadiensis have been successful. Thus 
the experimental evidence suggests a 
flow of genes from C. irrawadiensis to C. 
sinensis. 

Barua (1956) pointed out that each 
_ punctation of C. irrawadiensis is caused by 
a sclereid which touches both upper and 
lower epidermis. It, therefore, becomes 
desirable to know, in connection with the 
study of hybrids, what proportion of all 
the sclereids touch both epidermal layers. 
It would also be desirable to know the 
relative position of sclereids in non- 
punctate leaves of tea, and to know 
whether the sclereids of tea differ in 
shape from those of Wilson’s Camellia. 

A later paper will deal with the tea 
plant. In the present paper sclereids of 
Wilson’s Camellia are described, and atten- 
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tion is drawn to relevant features of a 
Camellia raised from seed collected by 
George Forrest in 1931 (Sealy, 1948 ) and 
to a Camellia collected by F. Kingdon- 
Ward in 1956 and described by Wood & 
Barua (1958). 


Morphology of the Sclereids 


Fully developed sclereids of C. trra- 
wadiensis are illustrated in Figs. 1-10. 
There is a long body with a massive 
secondary wall and a wide lumen. The 
long axis of the sclereid is more or less 
parallel to the long axis of the palisade 
cells. The main body may be divided at 
one or both ends, usually into two, some- 
times more, branches of equal status ( Figs. 
4-8). These branches extend between 
adjacent parenchyma cells towards upper 
or lower epidermis. There are other, 
shorter, thinner branches, subsidiary to the 
main body of the sclereid and generally 
at right angles thereto: they pursue a 
course in the spongy mesophyll more or 
less parallel to the epidermal layers. 

It is usual for major branches of a 
sclereid of C. irrawadiensis to arise from 
the main body at some point within the 
spongy mesophyll, though thickening of 
the secondary wall might make the branch 
angle (crotch) appear to be within the 
palisade parenchyma (Fig. 11). It is 
rare for major divarications of the main 
body to arise at points originally within 
the palisade parenchyma. 

Spicules as described by Foster ( 1944 ) 
in C. japonica, C. reticulata and C. sinensis 
are common on branches and main body 
of the sclereids of C. irrawadiensıis. 

A disk is characteristic of the sclereids 
of C. irrawadiensis: it is like the pro- 
tuberance made by pressing the end of a 


Fics. 1-10 — Sclereids from macerated mature lamina. 
in all figures, 


0'208 MM. 


0'208 MM. 


Upper ends of sclereids are at the top 


0'208 MM. 
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section of mature 


Fic. 11 — Transverse 
lamina, semi-diagrammatic, illustrating orienta- 
tion of sclereids. 


partly molten glass tube on a flat surface 
( Figs. 1-8). If present, a disk is always 
in contact with the epidermis. A some- 
what similar structure was observed by 
Rao (1957) in Memecylon cuneatum and 
in specimens of M. scutellatum from Indo- 
China. 

The disk of C. irrawadiensis carries 
spicules, some passing between the epi- 
dermal cells. Sometimes the bottom of a 
sclereid forms a disk, but it is more usual 
for it to divide into stumpy branchlets: 
the branchlets are pressed to the epidermis 
and carry spicules which pass between the 
epidermal cells, sometimes as far as the 
cuticle. Such intrusions are more fre- 
quent in the lower than in the upper 
epidermis. 

A disk among compact palisade cells 
and the alternative of irregular branchlets 
in the spongy mesophyll suggests that 
mechanical restrictions imposed by these 
tissues may have a formative effect on 
developing sclereids. In one-half of all 


the sclereids (49:5 per cent in Table 1), 
the upper part had only incipient branch- 
lets not clearly distinguishable from a disk. 
Typical of C. irrawadiensis, therefore, are 
long sclereids with wide lumen, spicular 
outgrowths, and terminal protuberances. 
The way in which the protuberances are 
adpressed to the epidermis suggests that a 
developing sclereid has considerable power 
of extension, and this draws attention to 
the theories of “ gliding ” and “ intrusive ” 
growth mentioned by Foster ( 1944). 


Locus of Origin 


The description of mature sclereids 
indicates that their initials must usually 
be located in the spongy mesophyll. 
Sections of immature leaves showed that 
sclereids do, in fact, develop from paren- 
chymatous cells in the spongy mesophyll, 
usually among the two or three uppermost 
cells of this tissue and immediately below 
the palisade parenchyma. They some- 
times, but not often, originate in cells 
of the palisade parenchyma. 

The cells from which a sclereid develops 
are distinguished by a larger nucleus. 
This can be seen in the smallest green 
leaves about five plastochrones after their 
origin at the apical meristem. Subsequent. 
ramification of the sclereid initial is similar 
to that described by Foster ( 1944) for C. 
japonica. Of that species Foster said 
“ Throughout the life of the sclereid, the 
protoplast remains uninucleate.” In C. 
irrawadiensis we found as many as three 
nuclei in some of the sclereids of mature 
leaves. 


TABLE 1 — CAMELLIA IRRAWADIENSIS. PER CENT FREQUENCY DISTRIBUTION 
OF SCLEREIDS OF DIFFERENT FORM-TYPES 


LEAF UPPER END NOT FORKED 
a = > 
Lower end, Lower end 
not forked forked 
A 55 11 
B 40 13 
E 53 15 
D 50 16 
Mean 49:50 13°75 


UPPER END FORKED IRREGULARLY 
— —— = BRANCHED 
Lower end Lower end 
not forked forked 

24 9 1 

29 15 3 

26 6 0 

20 11 3 

24:75 10-25 1:75 
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Ramification of the Sclereids 


The nature of the sclereid branches 
seems to depend on the place at which they 
originate in the leaf tissue. Sclereid 
initials are usually found among the upper- 
most cells of the spongy mesophyll. This 
gives a usual locus of origin of the main 
body of a sclereid approximately midway 
between the upper and lower epidermis. 
Branches that develop above this region 
grow towards the upper epidermis; those 
that develop below this region grow to- 
wards the lower epidermis. Branches that 
develop in a median zone of the lamina 
usually grow ‘ horizontally ’ in the spongy 
mesophyll, more or less parallel to either 
epidermal layer. The growth of these 
branches is, somehow, retarded and they 
remain subsidiary to the main body and 
shorter and thinner. 

As almost all branches originate in the 
spongy mesophyll, the possible locus of 
origin of upwardly growing branches is 
limited; yet they are one and a half times 
more frequent than downwardly growing 
branches (35 against 24 in Table 1). 
Thus there is a strong tendency for 
branches to grow upwards, but this ten- 
dency is lost when their origin becomes 
much nearer to the lower than to the upper 
epidermis. A tendency to upward growth 
is further illustrated in Table 2 which 
shows that less than 6 per cent of all 
sclereids fail to touch the upper epidermis. 
A larger number fail to touch the lower 
epidermis. 

These observations suggest that sclereid 
growth is somehow influenced by position 
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relative to the epidermis and, possibly, 
to other tissues also. 


regularly branched sclereids ( Figs. 9, 10 ) 


near the midrib and less frequently at the || 
In either posi- || 
tion one would expect growth to be ir- || 
regular if it is influenced by proximity of | 


periphery of the lamina. 


the epidermis or vascular tissue. 


Frequency of Form-types 


Branching provides 
classification ( Table 1 ). 


ration and 


diameters. 
type plant ( Barua, 1956 ). 


was recommencing in the spring ( March ). 


For the purpose of the groups in Table 1, | 


sclereids with incipient lower branches, 


not clearly distinguishable from an irre- || 
gular disk, were regarded as unbranched || 
The data show that || 
the relative frequency of sclereids of | 
various form-types does not differ signi- | 
ficantly between comparable leaves of the | 


in their lower part. 


same plant. 


Distribution of Sclereids 
in the Lamina 


It is our experience that the distribu- 
tion of sclereids in the lamina is important 
for the classification of Camellia species. 


TABLE 2 — CAMELLIA IRRAWADIENSIS. FREQUENCY DISTRIBUTION OF 
SCLEREIDS IN THE LAMINA OF FULLY MATURE LEAVES 


LEAF NUMBER OF SCLEREIDS IN CONTACT WITH 
i ; = RENNES à 
Both the Upper Lower Neither of the 
epidermal epidermis epidermis epidermal 
layers only only layers 
A 133 32 8 3 
B 133 22 6 1 
C 141 36 14 2 
D 178 43 10 3 
E 152 42 9 1 
Mean per cent 76:06 18:06 4:85 1:03 


[ December || 


This latter supposi- | 
tion is supported by the presence of ir- | 


a criterion for || 

For this classi- | 
fication, sclereids were isolated by mace- | 
stained with safranin. A || 
random sample of 100 sclereids per leaf | 
was classified at a magnification of 125 | 
All the leaves were from the | 
The penulti- | 
mate leaf of the last flush of the previous || 
year was examined when apical growth | 
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Sclereids may be restricted to parts of the 
lamina: for instance they are found only 
around the periphery of the leaf in C. 
sasanqua, and Pekelharing (1908) found 
sclereids in this region to be character- 
istic of C. kissi. The sclereids of C. irra- 
wadiensis are more or less randomly dis- 
persed over the leaf blade. i 
Table 2 shows the number of sclereids 
in contact with the epidermal layers. It 
is based on a total of 30 transverse sections 
per leaf, ten each from the base, middle 
and apical part of the lamina. The table 
shows nearly all the sclereids ( 94 per cent ) 
to be in contact with the upper epidermis. 
We have already said that the sclereids are 
characterized by a disk and approximately 
half of them are not appreciably branched. 
A great majority of them (76 per cent) 
are in contact with both epidermal layers. 
These features of €. irrawadiensis can be 
associated with a unique chemical com- 
position, distinct from that of C. sinensis 
and Forrest’s Camellia (Roberts et al., 
1958). The relation between sclereids 
and chemical features is of some im- 
portance in taxonomy of Thea. This 
remark applies particularly to Forrest’s 
Camellia, but before passing to this plant 
it will be useful to consider the evidence 
provided by Kingdon-Ward’s Camellia. 


Kingdon-Ward’s Camellia 


Sclereids, similar to those of C. trra- 
wadiensis, and associated with a chemical 
composition not remarkably different from 
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C. sinensis, can be found in back-cross 
hybrids with tea (Wood & Barua, 1958 ). 
Thus this condition could be supposed 
to indicate putative hybrids (introgres- 
sants) in which important chemical 
features of C. sinensis predominate. First 
generation hybrids, however, were found 
to have both chemical composition and 
sclereids intermediate between the two 
species (Wood & Barua, 1958). These 
statements are in terms of a progeny 
population as a whole. Particular plants 
might have sclereids or chemical composi- 
tion nearer to one or other of the species. 

In the light of this knowledge a Camellia 
collected by Kingdon-Ward ( K.W. 22839 
in Herbarium I.T.A.) is of great interest. 
At first sight it was indistinguishable from 
C. sinensis var. assamica, but it was found 
to be densely punctate, with sclereids 
similar to those of C. trrawadiensis ( Table 
3). These features were associated with 
the chemical compound “ A” recognized 
by paper chromatography ( Roberts et al., 
1958) and previously known only in C. 
irrawadiensis and its first generation 
hybrids with tea. Other chemical com- 
pounds were indicative of a first generation 
hybrid ( Wood & Barua, 1958 ). Kingdon- 
Ward’s Camellia was, therefore, placed as a 
hybrid between C. irrawadiensis and C. 
sinensis. Such hybrids made experi- 
mentally are sometimes closely similar 
to the Assam tea plant in obvious morpho- 
logical features, especially when the wild 
form of C. sinensis var. assamica is a 
parent. 


TABLE 3 — PER CENT FREQUENCY OF SCLEREIDS OF DIFFERENT FORM-TYPES 
OF THREE CAMELLIAS, BASED ON THE NUMBER OF RANDOM LEAVES 
INDICATED IN PARENTHESIS IN THE FIRST COLUMN 


[ Data for Forrest's Camellia based on transverse sections: other data on macerated tissue. The tea 
plant used for hybridization was C. sinensis var. assamica, Tocklai Clone No. 8/6] 


SOURCE UPPER END NOT FORKED UPPER END FORKED IRREGULARLY 
~— A — (— A —, BRANCHED 
Lower end Lower end Lower end Lower end 
not forked forked not forked forked 
Wilson’s Camellia (4) 49-50 13-75 24:75 10:25 1:75 
Kingdon-Ward’s a (2) 45-00 26:50 15-00 12:50 1:00 
Forrest’s Camellia (5) 73-14 12-81 11:98 2:07 0:00 
Selected hybrid between tea and 48:75 19-00 16-50 14:00 1:75 


Wilson’s Camellia (4) 
Tea plant used in above cross 


Classification not applicable 
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Kingdon-Ward’s plant is known from 
preserved material and from shoots spe- 
cially collected by Kingdon-Ward for 
chemical analysis. It was found in 1956 
at Kanpetlet in the region of Mount 
Victoria (altitude 1980 metres) 21°N. 
94°E. Burma. It was said to have been 
introduced from the Shan States and thus 
indicates uncontrolled crossing between 
C. irrawadiensis and C. sinensis in that 
region. 


Forrest’s Camellia 


A Camellia related to the two already 
mentioned was raised in England from seed 
collected by Forrest in 1931. Sealy 
(1948) has described it as an example 
of C. taliensis (W.W.Sm.) Melchior. 
Forrest's plant has been propagated 
vegetatively, all specimens in cultivation 
being of the same genetic origin. 

In external features the vegetative parts 
of Forrest’s Camellia are similar to C. 
sinensis var. assamica. The plant could 
pass unnoticed in modern tea plantations. 
It is admittedly close to tea (Sealy, 1956), 
but is said to differ in size of floral parts, 
with flowers 5-6 cm in diameter, petals 
fully expanded (Sealy, 1948). This dif- 
ference, however, is of questionable signi- 
ficance, as undoubted tea plants with 
flowers 5 cm in diameter, petals fully 
expanded, are growing at Tocklai. Size 
of parts is not a good taxonomic criterion, 
and fully expanded petals are not un- 
common in tea. 
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The sclereids of Forrest’s Camellia, 
however, are of the same form-type as 
those of C. irrawadiensis ( Table 3) with a 
similar location relative to upper and lower 
epidermis (Table 4). The sclereids of 
Wilson’s, Kingdon-Ward’s and Forrest's 
plants can be placed in a common category 
distinct from C. sinensis var. assamica. 
This is shown in Table 4. A similar com- 
parison in terms of Table 3 is not possible 
because of very great differences between 
the form-type of typical tea sclereids and 
those of the camellias under discussion. 
Comparison with the type variety of tea 
(C. sinensis var. sinensis) instead of 
with the Assam variety would show even 
greater differences. It is hoped to give 
details of the sclereids of tea plants in a 
later paper. 


Hybrids between Wilson’s Camellia 
and the Assam Tea Plant 


Experimental hybrids between Wilson’s 
Camellia and the Assam tea plant make a 
valuable comparison with Forrest’s Camel- 
lia. The form-type and location of 
sclereids in a hybrid plant is shown in 
Tables 3 and 4. This is a notably punctate 
F, individual, but not so clearly punctate 
as Wilson’s Camellia. Its sclereids have a 
form-type similar to the other camellias 
( Table 3), but sclereid proximity to the 
epidermal layers differs (Table 4) and 
agrees with the reduced number of puncta- 
tions usual in such hybrids ( Wight & 
Barua, 1957). The particular plant was 


TABLE 4— PER CENT FREQUENCY OF SCLEREID PROXIMITY TO THE UPPER 
AND LOWER EPIDERMIS OF FULLY MATURE LEAVES, BASED ON THE RANDOM 
LEAVES INDICATED IN PARENTHESIS IN THE FIRST COLUMN 


[ Data based on transverse sections | 


SOURCE NUMBER OF SCLEREIDS IN CONTACT WITH 


pe ee We DIRE OTs Oaa | 
Both the Upper Lower Neither 
epidermal epidermis epidermis of the 
layers only only epidermal | 
layers | 
Wilson's Camellia (5) 76:06 18:06 4:85 1:03 | 
Kingdon-Ward’s Camellia (2) 78:53 10:06 9:86 1:55 | 
Forrest's Camellia (5) 80-50 14:50 4:50 0-50 | 
Selected F, hybrid between tea and 27:59 28:23 30-51 13-67 
Wilson’s Camellia (4) à 
Tea plant used in above cross (4) 0:31 0:77 36-73 62:19 
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chosen to show the possibility of sclereids 
in the category of Wilson’s, Kingdon- 
Ward’s and Forrest’s plants, occurring in 
hybrids between tea and Wilson’s Camellia. 
It might be inferred from Tables 3 and 4 
that sclereids like those of Wilson’s 
Camellia, with a similar proximity to the 
epidermal layers, could arise as segregates 
in the F, or later generations. At the 
time of writing, such plants were not 
available for study. 

Features of Kingdon-Ward’s Camellia, 
additional to its sclereids, were considered 
in the last section and led to the conclusion 
that Kingdon-Ward’s plant is, in fact, a 
hybrid between tea and Camellia irra- 
wadiensis. It remains to consider an- 
cillary features of Forrest’s Camellia. 

In its unnatural conditions of cultivation 
in England, fruits of Forrest’s Camellia 
have not been seen; but, according to 
Sealy ( 1948), fruits of C. faliensis are not 
likely to differ much from those of tea. 
According to Sealy, Forrest’s Camellia is 
referable to C. faliensis. Our experience 
of known hybrids between tea and C. 
irrawadiensis is that their fruits are closely 
similar to those of tea, while the fruits of 
C. irrawadiensis are markedly dissimilar. 
On these grounds, the possibility of 
Forrest’s Camellia being a hybrid between 
tea and C. irrawadiensis is not excluded. 

In respect of the chemical compounds 
investigated by Roberts (loc. cit.), 
Forrest’s Camellia is almost indistinguish- 
able from tea. It is thus a plant chem- 
ically similar to tea, with the sclereids of 
C. irrawadiensis, as would be possible in a 
hybrid between the two. 

The breeding behaviour of caffeine is 
particularly illuminating. Among camel- 
lias caffeine is highly characteristic of C. 
sinensis. It occurs in hybrids between C. 
sinensis and C. trrawadiensis, and although 
it occurs in Forrest’s Camellia, it has not 
been found in C. irrawadiensis. This 
makes it difficult to suppose that the latter 
plant is a hybrid between tea and Forrest's 
Camellia. 

From the evidence discussed in this 
section, it is concluded that Forrest’s 
Camellia is a segregate from a population 
in which many plants may have been 
closely similar, at least externally, to C: 
sinensis, the population having originated 


wadiensis. 
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in crosses between the latter and C. irra- 
This conclusion is supported 
by the circumstances in which Forrest’s 
Camellia originated. It was raised from 
seed gathered by Forrest under a number 
identical with that on one of his herba- 
rium specimens which “ proves to be C. 
sinensis” (Sealy, 1948). It has been 
customary to say that this is due to 
incorrect numbering; but the need for 
supposing the collector’s numbers to be 
wrong does not arise if Forrest’s Camellia 
is a hybrid segregate, as seems very 
likely. 


Taxonomic Conclusion 


On the basis of sclereids, Wilson’s, 
Kingdon-Ward’s and Forrest’s camellias 
can be placed in a common category, but 
ancillary evidence suggests that Forrest’s 
Camellia is a hybrid between C. sinen- 
sis var. assamica and C. irrawadiensis. 
Kingdon-Ward’s Camellia is probably a 
hybrid with similar origins. In these 
plants the balance between sclereids and 
chemical features is such that Kingdon- 
Ward's Camellia could be referable to C. 
irrawadıensis and Forrest’s Camellia could 
be referable to C. sinensis. Superficially 
both look like the Assam tea plant. 
Wilson’s Camellia, however, is reminiscent 
of the cultivated populations mentioned 
by Wight & Barua ( 1957 ), loosely known 
to Indian tea planters as ‘ China Hybrid ”’. 
It is believed that many of these popu- 
lations will prove to be complex hybrids, 
possibly between the type variety of C. 
sinensis and a Southern form described by 
Roberts et al. (1958), with further intro- 
gression of features of C. irrawadiensis, 
like sclereids, either directly or from 
hybrids such as those described in the 
present paper. 


Summary 


This paper deals with three Camellia 
plants collected by L. O. Wilson, F. 
Kingdon-Ward and George Forrest res- 
pectively. 

Almost all the sclereids in the leaf of 
Wilson’s Camellia (C. irrawadiensis, P. 
K. Barua) are in close contact with the 
upper epidermis and a great majority of 
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them are in contact with both epidermal 
layers. Characteristically the sclereids’ 
have an elongate main body, slightly 
branched, with claw-like extensions in 
contact with the lower epidermis, and a 
disk in contact with the upper epidermis. 
The sclereids are spiculate as in other 
species of Camellia. The disk is charac- 
teristic of C. irrawadiensis: so also is a 
wide lumen. The wide lumen and contact 
with both epidermal layers allow the 
transmission of light which causes the 
pellucid punctations typical of the species. 
All parts of the leaf contain sclereids. 
They originate half way between upper 
and lower epidermis, in the spongy 
mesophyll and sometimes in the palisade 
parenchyma. Branches of a sclereid, 
that originate nearer the upper than the 
lower epidermis, grow upwards, and vice 
versa. À small number of very irregularly 
branched sclereids occur and this irregular 
branching is thought to be a consequence 
of position. 

Elongate sclereids with a disk in contact 
with the upper epidermis and a chemical 
composition of the leaf, described by 
Roberts (loc. cit.), are typical of C. irra- 
wadiensis. Back-cross hybrids with C. 
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sinensis have a chemical composition | 
approximating to C. sinensis, but the? 
sclereids are more or less like those of C.| 
irrawadiensis. A similar combination of! 
features is found in Forrest’s Camellia) 
which has been described by Sealy as} 
C. taliensis (W.W.Sm.) Melchoir, but is} 
thought by the authors to be a hybrid} 
between C. sinensis and C. irrawadiensis. | 
Evidence for uncontrolled crossing be-| 
tween these species is given by Kingdon-| 
Ward’s Camellia. It is concluded that 
there is a flow of genes from C. irra- 
wadiensis to C. sinensis, leading to an 
introgression of sclereids like those of 
C. irrawadiensis. The chemical composi- 
tion of either variety of C. sinensis is 
different from that of C. irrawadiensis and 
seems to be relatively unaffected by the 
suggested gene flow. 


We are greatly indebted to the Director 
of the Royal Botanic Gardens, Kew, for a | 
series of microtome sections of the leaves 
of Forrest’s Camellia on which we base our | 
knowledge of the sclereids of that plant. | 
The first named author is responsible for 
the anatomical investigation and the | 


second named author for the taxonomic | 


conclusions. 
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LEAF KJELDAHL NITROGEN IN RELATION TO LEAF 
STRUCTURE FOR PLANT SPECIES GROWING IN 
A SEMI-ARID RECENT VOLCANIC AREA! 


LORA MANGUM SHIELDS, WILLIAM K. MANGUM? & MARY LUDI 


Department of Biology, New Mexico Highlands University, Las Vegas, New Mexico, U.S.A. 


The present study considers Kjeldahl 
nitrogen of the entire leaf in relation 
to blade structure, moisture content, 
density of the vein network and propor- 
tions by weight of the leaf or leaflet blade 
to the petiole or to the petiole and rachis. 
Observations are based upon leaves of a 
number of plant species growing in shallow 
soil pockets on a semi-arid lava flow near 
Carrizozo in south-central New Mexico. A 
comparison of average Kjeldahl nitrogen 
for leaves of 14 species common to the 
lava flow and a 97 per cent gypsum 
substrate in the White Sands National 
Monument 15 miles distant relates leaf 
nitrogen to soil nitrogen at the lower limits 
available in the gypsum sand. 

Leaf nitrogen for a particular species 
is known to vary with soil fertilizer treat- 
ment ( Beeson, 1941), leaf age ( Gregory, 
1937), chlorophyll content (Bonner, 1950) 
and, to some extent, with time of day 
( Miller, 1938 ). 


Materials and Methods 


Micro-Kjeldahl nitrogen analyses were 
made on the fronds of two fern species and 
on the leaves of 59 of the 149 spermato- 
phyte species, exclusive of grasses, known 
to grow within or immediately marginal 
tothelava. Multiple determinations were 
made in two successive years for each 
species. Ten- to twenty-gram samples of 
mature, functional leaves from the middle 
stem region were collected during the 
morning hours between June 17 and 26. 
The leaves were weighed at the collection 
site, dehydrated in a laboratory oven at a 


temperature of 80°C., and again weighed 
for estimating moisture content. Samples 
were pulverized and brought to a constant 
weight for nitrogen determinations by 
the micro-Kjeldahl method (Niederl & 
Niederl, 1947). 

Typical mesic, succulent and xeric leaves 
were also sectioned in paraffin. The 
microscopic transverse section of each was 
considered in relation to the Kjeldahl 
nitrogen content. Leaves thickened by 
enlarged vertically elongate cells in the 
photosynthetic tissue and/or by a dorsi- 
ventral development of central water 
storage cells were designated as succulent. 
A leaf was classed as xeromorphic on the 
basis of (1) increased thickness associated 
with a greater development of palisade. 
tissue at the expense of spongy mesophyll, 
(2) extensive vascularization, (3) rela- 
tively large amounts of sclerenchyma, and/ 
or (4) a conspicuous covering of trichomes. 

Several leaves of different types were 
skeletonized for appraising the density of 
the vein network at different nitrogen 
levels. To evaluate the Kjeldahl nitrogen 
content of the entire leaf in relation to the 
ratio by weight of blade to petiole or to 
petiole and rachis, determinations were 
made separately for the blades of the 
leaves or leaflets and for the petioies or 
petioles and rachises of 11 species. 


Observation and Discussion 


As shown by Pls. 1 and 2, a broad struc- 
tural diversity exists among the leaves 
of different species which have success- 


‘fully invaded this volcanic habitat. A 


1. This paper reports a preliminary section of a more comprehensive study subsidized by the 


National Science Foundation. 


2. St. Joseph’s Hospital, Denver, Colorado, U.S.A. 
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PLATE 1, Pres, 2-61: 
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PLATE 2, Fies. 4-56 — Leaf skeletons illustrating increase in vein breadth and density of the vein 
network associated with diminishing leaf amino nitrogen. Numbers of figures coincide with those of 
the species listed in Tables 1a, b and c. Fig. 4. Juglans major. Fig. 10. Helianthus annuus. Fig. 12. Sida 
lepidota. Fig. 13. Brickellia californica. Fig. 15. Verbesina encelioides. Fig. 22. Cucurbita foetidissima. 
Fig. 42. Zinnia grandiflora. Fig. 43. Celtis reticulata. Fig. 45. Rhus trilobata. Fig. 46. Garrya wrightit. 
Fig. 47. Populus wislizeni. Fig. 56. Berberis haematocarpa. 


es : 
PLATE 1, Fics. 2-61 — Representative transverse leaf sections ( x 44) arranged to illustrate struc- 


tural tendency toward mesomorphy, succulence or xeromorphy in relation to Kjeldahl nitrogen. 
Numbers of figures coincide with those of the species listed in Tables 1a, band c in order of decreasing 
leaf nitrogen content. Fig. 2. Lepidium alyssoides, 5-44-per cent Kjeldahl nitrogen by dry weight. 
Fig. 4. Juglans major, 4:54. Fig. 7. Solanum eleagnifolium, 4:33. Fig. 13. Brickellia californica, 3-93. 
Fig. 15. Verbesina encelioides, 3:89. Fig. 18. Clappia suaedifolia, 3:82. Fig. 22. Cucurbita foetidissima, 
3-58. Fig. 23. Suaeda suffrutescens, 3:56. Fig. 32. Larrea tridentata, 3:14. Fig. 33. Senecio quarens, 
3-10. Fig. 45. Rhus trilobata, 2:67. Fig. 53. Asclepias brachystephana, 2:27. Fig. 56. Berberis haemato 
carpa, 2:08. Fig. 59. Yucca baccata, 1:14. Fig. 61. Dasylirion wheeleri, 0:65. 
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number of these anatomical features are 
common to plants typical of other semi-arid 
regions. The diverse combinations of 
contrasting xeric and mesic characteristics 
in a single leaf result in a variety of 
gradations in foliar structure. Conse- 
quently, correlations of nitrogen content 
with leaf anatomy are not always clearly 
defined. Several general trends, however, 
are evident in the analyses of leaf structure 
in relation to Kjeldahl nitrogen ( Tables 
1-3). Being inversely proportional to the 
amount of such inert elements as cell walls, 
sclerenchyma and vascular tissue, nitrogen 
tends to diminish with increased thickness 
associated in xeromorphic leaves with 
multiple palisade layers and prominent 
supporting tissue. Succulent leaves, com- 
monly sessile, are relatively high in nitro- 
gen. A lower nitrogen level characterizes 
leaves of woody species, which are fre- 
quently reinforced by coarse vein net- 
works. The compound or other leaf type 
with the extensive vascular and supporting 
tissue of a prominent rachis and/or petiole 
is low in nitrogen. Moisture correlates 
positively with Kjeldahl nitrogen in the 
extreme mesic and xeric leaves, but varies 
inversely with thickness in these two 
groups. Otherwise, moisture content for 
all leaf types fluctuates over the same wide 
range, mainly between 45 and 80 per cent 
of the fresh weight, tending among species 
intermediate in nitrogen to increase on a 
small scale with leaf thickness, but not in 
proportion. Leaf nitrogen decreases signi- 
ficantly at the lower levels of soil nitrogen 
available to deep-rooted trees and shrubs 
in the gypsum sand compared with the 
same species in the lava flow. 

In the three sections which follow each 
of these generalizations is related to the 
specific data from which it was derived. 

1. Leaf Kjeldahl Nitrogen in Relation 
to Leaf Structure — Tables la, b and c list 
in order of diminishing leaf Kjeldahl 
nitrogen the species for which analyses 
were made. Illustrations of transverse 
leaf sections representative of different 
types are arranged in the same order 
in Pl. 1. The number designating each 
figure in Pl. 1 coincides with the number 
for the same species in Tables la, b and c. 
In each table the species are separated 
under two headings on the basis of foliar 
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structure. As the slight difference in 
nitrogen content of consecutive species in 
these tables suggests, the exact position 
of a particular one in the list would vary 
with such factors as growth conditions 
and the distance of the leaf from the root. 

Kjeldahl nitrogen is highest in leaves 
tending toward mesomorphy, ranging in 
June from 5-60 per cent of the dry weight 
in Schrankia occidentalis to 3-55 per cent 
in Bahia dissecta (Table la; 1-24). 
Within this group the mesophyll consists 
of palisade and sponge tissue in 12 species 
(Pl. 1, Figs. 4, 15, 22), listed in the left 
column of Table la, and of compact short 
cells intermediate between palisade and 
spongy mesophyll in 10 ( Pl. 1, Figs. 2, 7, 
13 ) enumerated in the right column. For 
these two series of species with dissimilar 
mesophyll types, average Kjeldahl nitro- 
gen, moisture content and leaf thickness 
are essentially identical. Range in blade 
outline from broadly triangular or lanceo- 
late to linear is not correlated with meso- 
phyll structure. Both major and minor 
veins for each of the two series form a 
relatively fine meshwork ( Pl. 2, Figs. 4, 
10, 12, 13, 15, 22). With the exception 
of two succulents (Tables la, Ic; 18, 
23), the average thickness of the mature 
leaf blades in these species ranges from 
100 to 320 y in central areas removed from 
major veins. In four species ( 11, 12, 16, 
22) the thin, mesomorphic blade bears a 
conspicuous development of trichomes. 
Average leaf Kjeldahl nitrogen for the 
species in Table la is within the range of 
3-2 (in corn) to 5-8 per cent (in soy- 
beans ) found for crop plants ( Miller, 
1938 ). 

Listed in order of diminishing nitrogen 
content, the leaves of five succulent species 
(Table ic; Pl. 1, Figs. 18,723 sees 
Fig. 42), averaging 1159 u thick, rank 
among the mesomorphic type with a range 
in average Kjeldahl nitrogen from 3-82 to 
2:76 per cent of the dry weight. The 
mesophyll of this type of leaf, which is 
linear-terete in entire outline, consists of 
central water storage tissue and multiple 
succulent palisade layers. 

The remaining species for which analyses 
were made, other than the succulents and 
monocots, are classed in Table 1b ( 25- 
58) into two categories on the basis of 
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TABLE 1A — AVERAGE KJELDAHL NITROGEN, MOISTURE CONTENT AND LEAF THICKNESS FOR PREDOMINANTLY 
MESOMORPHIC LEAVES FOR A NUMBER OF DICOTYLEDON SPECIES FROM A RECENT VOLCANIC FLOW — Contd. 


[ Species are arranged in order of diminishing leaf Kjeldahl nitrogen for 2 structural categories | 


LEAF 
THICKNESS 


MOISTURE, 


KJELDAHL, 


MOISTURE, LEAF COMPACT SHORT PALISADE 
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18. Clappia suaedifolia A. Gray 
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19. Melampodium leucanthum 
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21. Salvia henryi A. Gray 
22. Cucurbita foetidissima 
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suffrutescens 
( see succulents ) 


Suaeda 


23% 


200 


(A. Gray ) Britton 


24. Bahia dissecta 


66 217 


4-21 


67 205 


4-17 


Average 


combinations of various xeric features in | 
leaves of the herbaceous species and by the | 
criterion of woodiness in 11 species of trees | 
and shrubs having a leaf Kjeldahl nitrogen | 


in this lower general range. 


The average Kjeldahl nitrogen content | 
of 2-84 per cent for the leaves of herbaceous | 
species tending toward xeromorphy and | 
2-48 for the woody species in Table 1b | 
compares with an average of 4:19 per cent | 
Leaf thick- | 


for all species in Table la. 
ness, however, averages 146 u. greater for 
the xeric leaf type and 45 u more for the 
woody species in Table 1b than for all 


species listed in Table la. Leaves of these | 


woody species, most of them characterized 


by expanded blades and spongy mesophyll | 


and averaging 100 u less in thickness 
( Table 1b), average 0-36 per cent lower 
in Kjeldahl nitrogen and 17 per cent lower 
in moisture content than leaves of the 
herbaceous species in the left column. 
Eight of the total of 19 woody species 
appear among the 24 highest in leaf 
nitrogen ( Table la). Juglans major and 
Morus microphylla are exceptional as trees 
in the high average Kjeldahl nitrogen of 
4-54 and 4:50 per cent, respectively, of the 
dry weight. Skeletonized leaves of Celtis 
reticulata, Rhus trilobata (Pl. 1, Fig. 45) 
and Populus wislizeni illustrate the heavy 
fibrous vein network typical of leaves of 
woody species (Pl. 2, Figs. 43, 45, 47). 
The anatomical structure and osmotic 
pressure of the individual leaf are the 
function of its distance from the root 
( Zalenski, 1904). Kjeldahl nitrogen is 
lower in leaves of trees and shrubs than in 
leaves of comparable size and thickness 
from lower-growing herbaceous species. 
Two shrubs, Garrya wrightii (Pl. 2, Fig. 
46) and Berberis haematocarpa ( Pls. 1, 2, 
Fig. 56), develop prominent foliar scle- 
renchyma. 

Kjeldahl nitrogen is lowest in the 
fibrous, heavily vascularized leaves of the 
three monocotyledons, Yucca  baccata 
(Pl. 1, Fig. 59), Nolina microcarpa and 
Dasylirion wheeleri (Pl. 1, Fig. 61), 
averaging 0-83 per cent of the dry weight 
in these leaves with an average thickness 
of 1762 u. The lowest Kjeldahl leaf 
nitrogen observed, 0-65 per cent in 
Dasylirion wheeleri, is considerably above 
the lower known limits compatible with 
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survival of the individual leaf. Nitrogen 
of the fourth leaf of barley plants has been 
caused to drop from 1-82 to 0-19 per cent 
of the dry weight over a period of 20 days, 
followed by recovery when nitrogen was 
supplied ( Walkley, 1940). A high nitro- 
gen level influences leaf structure by sti- 
mulating meristematic activity, accelerat- 
ing relative growth rates (Crowther, 
1934 ), probably through increase in auxin 
content. Normal or high nitrate has been 
found to result in total leaf auxin approxi- 
mately 10 times that of nitrogen-starved 
kohlrabi plants ( Avery & Pottorf, 1945 ). 

As indicated on PI 3 by graphs deriv- 
ed from figures in Tables la, b and c, 
leaves with essentially the same Kjeldahl 
nitrogen may be widely divergent in mois- 
ture content and in leaf thickness. 
Certain of the thinner leaves are among 
those highest in both moisture and 
Kjeldahl nitrogen (Pl. 3). Leaf mois- 
ture for the 22 species in Table la, 
however, is 3 per cent lower than for the 
xeric leaf type of herbaceous species 
(Table 1b) and 13 per cent higher than 
for the woody species. Of the 10 species 
with a moisture content of 78 per cent or 
above, only two are less than 300 u. thick, 
and four are succulents, ranging from 753 
to 1500 u in thickness. Of the 17 species 
with a leaf moisture of 60 per cent or less, 
five are under 200 u thick, five measure 
200-300 y, three others more than 300 y; 
and leaves of four, including the three 
monocotyledons, are more than 900 u. in 
thickness. Both Kjeldahl nitrogen and 
moisture are intermediate in the more 
succulent leaves thickened by a dorsi- 
ventral development of water storage 
tissue and low in the thick, fibrous 
leaves of monocotyledon species. When 
arranged in order of diminishing leaf 
nitrogen, however, variations in thickness 
and moisture content from one species 
to the next tend to follow irregularly the 
same upward or downward trend (Pl. 3), 
except for 14 of the 56 for which moisture 
determinations were made (5, 6, 8, 9, 10, 
11,43, 14, 17, 20, 29, 47, 49,50). Ana- 
tomical structure is assumed to reflect the 
basic water economy of the leaf. Because 
of the structural diversity of the inter- 
grading leaf types in this series, however, 
moisture can be positively correlated with 
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thickness only in the species highest and 
lowest in nitrogen and in succulents. 

2. Leaf Kjeldahl Nitrogen in Relation 
to the Ratio of Leaf Blade to Petiole or 
to Petiole and Rachis — Table 2 lists 11 
species with prominent petioles or petioles 
and rachises analysed separately from the 
leaf blades. For these 11 species, Kjel- 
dahl nitrogen of the blade alone ranges 
from essentially the same as for the entire 
leaf in Rhus trilobata to one-fourth higher 
in Clematis ligusticifolia. The Kjeldahl 
nitrogen content of the blade alone varies 
from 1-6 times as great per unit weight of 
tissue as that of the petiole or of the 
petiole and rachis combined, in Prosopis 
juliflora var. glandulosa, to 4:3 times as 
great in C. ligusticifolia. The petiole or 
petiole and rachis constitute from 10 per 
cent of the total leaf weight, in Verbesina 
encelioides, to 50 per cent in P. juliflora 
var. glandulosa. Variation in the ratio by 
weight of the blade to the petiole and/or 
rachis may significantly influence the 
correlation of nitrogen of the entire leaf 
with blade structure and thickness. In a 
number of the species upon which the 


present study is based the petiole is 
inconspicuous or lacking as in the five 
succulents. 

3. Leaf Kjeldahl Nitrogen in Relation 
to Soil Nitrogen — A comparison of 
average Kjeldahl nitrogen for leaves of 14 
of these species common to the lava flow 
and a 97 per cent gypsum substrate 15 
miles distant (Shields & Mangum, 1954) 
relates leaf nitrogen to soil nitrogen at the 
lower limits. For six of seven shallow- 
rooted species, the leaf nitrogen of the 
samples from the lava flow ranged from 
essentially the same as in the gypsum 
substrate for Helianthus annuus to two- 
thirds higher for Clappia suaedifolia and 
averaged slightly more than one-fifth 
higher. For seven of the normally deep- 
rooted shrubs or trees, Kjeldahl nitrogen 
of the samples from the lava flow ranged 
from one-fourth higher in Lycium ber- 
landieri var. parviflorum to four-fifths 
greater in Gutierrezia sarothrae, and 
averaged two-fifths higher than those from 
the gypsum substrate. 

In both the gypsum sand and the 
volcanic deposit the main source of soil 
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nitrogen is a surface stratum of algae 
associated in parts of the lava flow with 
lichens (Shields ef al., 1957). Within 
the lava flow, roots of shrubs and trees 
branch into crevices and extend into 
shallow soil pockets where nitrogen re- 
leased from surface sources accumulates 
in the absence of further downward 
percolation. The greater nitrogen content 
of leaves of the shallow-rooted trees and 
shrubs in the lava bed than that of leaves 
of the same species in the gypsum sands 
appears to be attributable to the proximity 
of the roots to available sources of nitrogen 
in the soil. In the latter habitat, the roots 
extend deeply into the substrate to where 
nitrites and nitrates range from 0-5 p.p.m. 
to non-detectable amounts (Shields & 
Mangum, 1954). Leaf nitrogen does not 
necessarily decrease in proportion to soil 
nitrogen, however. It appears to vary 
directly with that of the substrate only 
at the lower limits ( Gregory, 1937). For 
herbaceous species common to the gypsum 
sand and lava flow, absorbing roots are near 
to surface nitrogen supply, consequently 
the available nitrogen level is more nearly 
the same for the two environments, total 
nitrite and nitrate averaging 5-6 and 7-1 
p-p.m., respectively ( Shields ef al., 1957). 


Summary and Conclusions 


The mature, functional leaves of 59 
spermatophyte species and the fronds of 
two ferns from a recent volcanic flow were 
analysed for Kjeldahl nitrogen. This 
series of micro-determinations relates 
nitrogen content to certain types of foliar 
structure, to the ratio of blade to petiole or 
to petiole and rachis, and to lower available 
levels of soil nitrogen. 

1. The Kjeldahl leaf nitrogen. of 56 
dicotyledon species and two fern fronds 
ranged from 1-18 per cent of the dry weight 
in the xeromorphic leaf of Boerhaavia 
gypsophiloides to 5:60 in the mesic leaf 
type of the leguminous species Schrankia 
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occidentalis. For the fibrous 


baccata. 


with growth conditions, leaf 


(a) the mesomorphic leaves of herbaceous 
species (5-60 to 3-55 per cent Kjeldahl 


nitrogen, average 4:19); (b) succulent | 


leaves (3-82 to 2-76, average 3-28); 
(c) dicotyledon leaves xeromorphic with 
respect to a reduced surface: volume ratio 
and a compact mesophyll (3-52 to 1-18, 
average 2-84); (d) expanded, coarse- 
veined leaves of typical woody species 
(3-14 to 1-72, average 2-43), and (e) mono- 
cotyledon leaves with a prominent de- 
velopment of sclerenchyma and vascular 
tissue ( 1:14 to 0-65, average 0-83 ). 
leaf types overlap in certain structural 
features and in range of Kjeldahl nitrogen 
content. Except in the succulent species 


the amount of leaf nitrogen tends to be | 


inversely related to blade thickness, which 
in turn is determined by the degree of 


lateral or vertical expansion which also | 


governs the mesophyll type. Leaves with 


[| December 


mono- | 
cotyledon leaf Kjeldahl nitrogen varied | 
from 0-65 in Dasylirion wheelert to 1-14 | 
per cent of the dry weight in Yucca | 
While the exact position of the | 
individual species in this list may vary | 
types | 
arranged in order of diminishing Kjeldahl | 
nitrogen appear in the following sequence: | 


These | 


essentially the same Kjeldahl nitrogen | 
level, however, may be widely divergent in | 


both leaf thickness and moisture content. | 


Kjeldahl nitrogen and leaf moisture are 
correlated only in the extreme xeric and 
mesic leaf types and in succulents. 


2. The amount of Kjeldahl nitrogen, | 


tending to be proportional to 


living | 


protoplasmic contents, is less in leaves | 


characterized by dense fibrous vein net- | 
works or by prominent petioles or by | 


petioles and rachises than in leaves which 
are structurally similar in other respects. 

3. Leaf nitrogen varies with soil nitrogen 
at the lower levels available to trees and 
shrubs in the nearby gypsum sand 
deposit compared with the same species 
growing in the lava flow. 
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A CONTRIBUTION TO THE MORPHOLOGY AND 
EMBRYOLOGY OF COMMELINA FORSKALAEI VAHL. 


SATISH C. MAHESHWARI & B. BALDEV 
Department of Botany, University of Delhi, Delhi-8, India 


Introduction 


Members of the family Commelinaceae 
have been favourite objects for various 
kinds of studies. For cytological work, 
Tradescantia and Rhoeo are well known. 
In recent years measurements of DNA 
in the nuclei of the male and female 
gametophytes have been undertaken by 
Caspersson (1950), Nagaraj ( 1954a, b ), 
and others. The contributions of Eigsti 
(1939, 1941), Shikamura (1934) and 
Steinitz ( 1944 ) represent efforts to under- 
stand the physiology of male gametophyte. 
To mention yet another line of work, 
Swanson et al. (1949) have studied the 
effect of 2, 4-dichlorophenoxyacetic acid 
on ovule abortion in Tradescantia paludosa. 

Interesting though these contributions 
are, there are many points even in the 
normal morphology and embryology of 
this family which are not adequately 
known. The present work on Commelina 
forskalaet was, therefore, undertaken to fill 
in some of the gaps in our knowledge. 
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Previous Work 


The unusual phenomenon of the occur- 
rence of dimorphic flowers — cleisto- 
gamous and chasmogamous — has been 
recorded in several members, such as 
Tradescantia erecta ( Henslow, 1879 ), Com- 
melina nudiflora (Calvino, 1922, 1923 ), 
Commelinantia pringlei (Tharp, 1927), 
Commelina forskalaei (Hagerup, 1932), 
C. benghalensis ( Trochain, 1932), C. vir- 
ginica ( Uphof, 1934), and C. indehiscens 
(Barnes, 1949). The nature of cleisto- 
gamy has been discussed by a number of 
authors ( Henslow, 1879; Uphof, 1934, 
1938; Parks, 1935 ), although opinions are 
conflicting and inconclusive. 

Some information is available regarding 
the number and distribution of different 
kinds of flowers in Commelina forskalaeı 
( Hagerup, 1932; Maheshwari & Mahesh- 
wari, 1955) and in C. benghalensis 
( Maheshwari & Singh, 1934; Maheshwari 
& Maheshwari, 1955). However, these 
studies were of a preliminary nature 
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and only the aerial spathes were investi- 
gated. 

Earlier embryological work on the 
Commelinaceae has been summarized by 
Schnarf (1931). Briefly, the anther tape- 
tum is amoeboid and forms a true peri- 
plasmodium, the divisions of the pollen 
mother cells are successive and the mature 
pollen grains are two-celled. The ovules 
are crassinucellate and bitegmic. There is 
a single archesporial cell. A parietal cell 
is reported to be absent by certain authors 
( Guignard, 1882) and present by others 
( Strasburger, 1879; Jönsson, 1879). The 
embryo sac of Tradescantia is of the 
Polygonum type while that of Commelina 
stricta is of the Allium type ( Guignard, 
1882). The endosperm is Nuclear. The 
embryogeny is very insufficiently worked 
out. There is no suspensor, the terminal 
tier develops into the cotyledon, and the 
precise origin of the shoot apex is unknown. 

Subsequent investigations are by 
Maheshwari & Singh (1934), Lakshmi- 
narasimha Murthy (1934, 1938), Parks 
(1935 ) and McCollum (1939). Mahesh- 
wari & Singh (1934) reported that in 
Commelina benghalensis, the tapetum is 
periplasmodial, the embryo sac is of 
Polygonum type and a parietal cell may or 
may not be present. Lakshminarasimha 
Murthy (1934, 1938) investigated Cya- 
nohs cristata, Aneilema spiratum and 
Zebrina pendula. In all of them the 
anther tapetum is periplasmodial, the 
embryo sac is of the Polygonum type, and 
the endosperm is Nuclear. Markedly 
deviating from the earlier accounts of 
megasporogenesis is that of Parks ( 1935 ) 
who reported an embryo sac of the 
Oenothera type in Commelinantia pringler. 
McCollum (1939) struck another dis- 
cordant note by reporting the Adoxa type 
in Commelina angustifolia. 

Very recently Souèges (1958a, b) has 
published a detailed account of the 
embryogeny of Commelina communis and 
Rhoeo discolor. The development is said 
to conform to the Muscari variation of 
the Asterad type. 


Material and Methods 


The material was collected locally from 
the Delhi Ridge near the University and 


PHYTOMORPHOLOGY 


from the Pusa Institute during the months | 
of August and November 1956, and fixed | 


in formalin-acetic-alcohol. 


The seeds were trimmed on both sides | 


and treated with 20 per cent HF for 
twenty days. 


bedding in paraffin. 


hydration and imbedding were followed. 
Sections were cut 8-12 microns thick, 
stained with iron-haematoxylin, Delafield’s 
haematoxylin, 
Iron-haematoxylin gave the best results. 


Fast-green, eosin, erythrosin or orange G 


were employed for counterstaining, which 
proved to be very helpful. 


The endosperm was studied mainly by | 


dissections. Whole mounts were stained 
with acetocarmine and mounted in pure 
glycerine. The seeds were germinated on 
filter paper as well as on garden soil in 
pots. 


General Observations 


HABITAT — Commelina forskalaei and 
C. benghalensis are common at Delhi and 
form a conspicuous element of the 
ephemeral undervegetation of the rainy 
season. 

The seeds germinate with the onset of 
monsoon and the plants continue till late 
November or early December. Profuse 
vegetative growth occurs during the rainy 
season ( July-August ). 
near about the middle of August and 


[ December | 
| 


They were then passed | 
through the butyl alcohol series for im- | 
For the rest of the | 
material, the customary methods of de- 


and safranin-fast green. 


Flowering sets in | 


continues for about three months after | 


which the plants dry up rapidly. 

GENERAL MORPHOLOGY — The 
grows erect until about 8-12 leaves have 
unfolded. After this the main branch 
becomes prostrate and trails along the 
ground. The leaves are alternately 
arranged and possess long sheathing leaf 
bases which are characteristic of the 
family. 

At each node, enclosed within the 
sheath, there is a bud or an eye. Secon- 
dary branches arise from these buds, and 
these may be followed by yet another set 
of laterals — the tertiary branches ( Fig. 
1A ). „_ Roots also arise at these nodes and 
establish themselves whenever they come 
in contact with the soil. 


plant | 
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Apart 
described 


from the type of branches 
above, two other types also 
occur. These are the subterranean geo- 
tropic branches and the sub-aerial 
branches. The former are the etiolated 
shoots which grow downwards and bear 
white membranous scales — the meta- 
morphosed leaves ( Figs. 1A, 2A-D, 3B-D ). 
These can arise from any node of the 
trailing shoots. The sub-aerial or “ transi- 
tional ” branches are those which although 
destined to grow underground have not 
yet penetrated the soil ( Fig. 3B, D ). 

In some plants grown in pots, the 
primary as well as the secondary branches 
failed to establish contact with the soil 
and remained permanently transitional. 
Even the roots coming out at these nodes 
remained aerial. They were also shorter, 


stouter, unbranched and chlorophyllous, 
and many of them had grown upwards 
against gravity (Fig. IB). 


Fic. 1A-B — General morphology. A. Part 
of a plant showing habit; note the primary, 
secondary and tertiary branches. x 4 B. A 


the arrow indicates the apogeo- 
1 


tropic roots. X 3%: 


potted plant; 
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INFLORESCENCE — All three types of 
branches — aerial, sub-aerial and under- 
ground — bear flowers. These are en- 
ed in axillary spathes which contain 
enough mucilage to bathe the flowers. 
Three to six spathes may develop on each 
branch (Fig. 3A). 

The inflorescence is cymose with a single 
dichotomy ( Fig. 4A, B). 

First FLOWER — In the aerial spathe, 
the inner cyme branch is terminated by a 
single flower ( Fig. 4A, B ) borne on a long 
articulate pedicel. This is the oldest 
flower which is essentially male. Approxi- 
mately 90 per cent of such flowers possess 
pistillodes in some of which the ovule 
develops up to the two-nucleate embryo 
sac stage. However, further development 
is arrested and the flower drops off as soon 
as fruiting has started in the second flower, 
1e. the first of the outer cyme branch 
( Fig. 4C). 

Occasionally, the first flower in a spathe 
is retarded in growth (Fig. 4H, I), and in 
extreme cases the inner cyme is repre- 
sented by a mere vestige (Fig. 4] ). This 
condition, exceptional in aerial spathes, is 
the rule for the sub-aerial spathes. In the 
underground spathes even the flowerless 
stub is usually lacking ( Fig. 5G-I ). 

In contrast to the aforementioned 
examples of reduction, the inner cyme 
branch may rarely bear two buds instead 
of one (Fig. 5A). In such cases one of 
the flowers may be bisexual ( Fig. 5B a,) 
and may mature into a normal fruit 
(hig. SC. ): 

SECOND FLOWER — The second or the 
outer cyme branch is terminated by three 


to four flowers in the aerial spathes 
(Fig. 4A, B). In the sub-aerial spathes 
only two or three flowers are found 


(Fig. 5E, F), and in the underground 
spathes this number may be further re- 
duced to one (Fig. 5G-I). Each bud 
represents an individual helicoid cyme 
which appears umbellate because of ex- 
treme condensation of the axis. 

This flower (the oldest in the outer 
cyme branch ) is invariably bisexual and 
fertile. In the aerial spathes it opens 
in the morning, more or less simul- 
taneously with the first flower and droops 
down into the spathe in the afternoon. 
By this time, however, fertilization has 


Fic. 2A-D General morphology (contd.). A. Part of a plant grown in moist soil. 


An underground branch enlarged from the above plant. x 1. 


C, D. Photographs of plants 
grown in dry and water-logged soils respectively. x 4. 
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already taken place and even the primary 
endosperm nucleus has divided. 

In the sub-aerial spathes also the flower 
is chasmogamous, but in the underground 
spathes it remains cleistogamous. 

THIRD FLOWER — Like the second, the 
third flower also is chasmogamous in the 
aerial spathes (Fig. 4C, c). Normally it 
is bisexual, but in about 25 per cent 
of the cases only a pistillode is seen in 


place of the ovary. In spite of the fact 
that most of these flowers have a fertile 
ovary, they drop off without producing a 
fruit ( Fig. 4E ). However, under favour- 
able conditions, i.e. during the first 
flush of flowering, the third flower may 
sometimes mature into a fruit (Fig. 
4D, F). 

Very rarely the third flower is sup- 
pressed in the aerial spathe and only the 


Fic. 3A-D — General morphology, contd. ( a, aerial branch; 7, root; sa, sub-aerial branch; 


ug, underground branch ). 


B. Relative position of aerial, sub-aerial and underground branches. x 0°3. 


A. Part of an aerial branch showing arrangement of spathes. x 0:3. 


C. An enlarged under- 


ground branch. x 1°44. D. Basal part of a plant showing the origin of roots and underground 


branches. x 0:3. 
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first and the second flowers are 
(Fig. 4G). 

In the sub-aerial spathes, the third 
flower is generally ( 65 per cent ) male and 
possesses only a pistillode. In a few cases 


present 


it may be bisexual, or only male, or may 
remain undifferentiated. The sex-distri- 
bution is of the same pattern in the 


underground spathes also except that the 
bisexual type is absent. 

FOURTH FLOWER — About 80 per cent 
of the aerial spathes possess a fourth 
flower ( Fig. 4A-D, d). This shows con- 
siderable variability. Only 15 per cent 
are bisexual; about 65 per cent are males 
with pistillodes; another 10 per cent are 


Fic. 5A-J — Aerial, sub-aerial and underground spathes (a, and ay, male and bisexual flowers 
from inner cyme branch; b, c, d and e, the second, third, fourth and fifth flower respectively ). 


A, B. Abnormal aerial spathes showing double flowers from the inner cyme branch. 


C, D. Spathes 


showing a fruit in each of the inner and outer cyme branch. E, F. Sub-aerial spathes possessing 


a maximum of three or four buds. 
flowers. x 2-4. 


G-J. Underground spathes showing variation in number of 
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males without pistillodes, and in the re- 
maining cases the flower itself may not be 
anything more than an undifferentiated 
primordium. 

In the sub-aerial spathes the fourth 
flower, if present, is rather rudimentary 
(Fig.5E,d). Inthe underground spathes 
it is usually absent ( Fig. 5G-J ). 

Normally the fourth flower does not 
open in any one of the spathes. Fig. 4D 
illustrates an abnormal case where this 
flower is chasmogamous. 

FIFTH FLOWER — This flower is found 


only in the aerial spathes (Fig. 4A, B ). 


In about 5 per cent of the spathes it is a 
male with a pistillode; in 30 per cent of the 
cases it is a male without any pistillode; 
mostly, however, it is seen only as an 
undifferentiated bud. 

Fig. 6 sums up the sex distribution and 
nature of the different flowers in the three 
types of spathes. 

ENVIRONMENTAL FACTORS AFFECT- 
ING DEVELOPMENT OF UNDERGROUND 
FLOWERS — Some observations were made 
on the relation between environmental 
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factors and the growth of the underground 


flowers. 


The moisture content of the soil has a | 


far-reaching effect on the formation of the 
underground flowers. When the soil is 
adequately watered, the branches bearing 
underground flowers are longer, but with 
fewer nodes and internodes. The number 
of underground branches formed at a node 
is small and there are no accessory 
branches. Spathes are few and the 
number of flowers is also small although 
vigorous growth of shoots and flowers 
takes place above the ground ( Fig. 2A, 
B). In fact, under conditions of water- 
logging, few or no underground flowers 
develop (Fig. 2D ). 

On the contrary, under conditions of 
drought, when the tops are shrivelled and 
struggling, the underground branches show 


luxuriant growth. Many more branches | 


and many more spathes are developed 
(Fig. 2C) and there are numerous nodes 
with only short internodes. 

The above observations suggest that 
the formation of underground flowers is 
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an adaptation for survival under un- 
favourable conditions. 

INFLUENCE OF LIGHT ON CLEISTOGAMY 
— If the underground branches are experi- 
mentally exposed to light, they become 
green, the flowers become chasmogamous 
and resemble the sub-aerial flowers. In 
one of the experimental pots, only a 
portion of the underground branch was 
exposed to light (Fig. 3D). It occurred 
that the portion under the ground bore 
cleistogamous flowers and the portion 
exposed bore chasmogamous flowers. 

FLOWER — Of the various types of 
flowers found in a spathe, only the second 
flower need be described in closer detail. 
Firstly this is the normal hermaphrodite 
flower, and secondly the structure of this 
flower is the same in the aerial, sub-aerial 
and underground spathes. 

The flower is trimerous, transversely 
zygomorphic and complete. The three 
sepals are more or less boat-shaped and 
obovate, the two anterior being somewhat 
larger. Of the three petals the posterior 
two are larger, clawed, and with spreading 
limbs. The anterior petal is small and 
linear with a pointed apex. The petals 
have a bluish tinge giving a colourful look 
to the flower. 

The androecium comprises three large 
fertile stamens together with three sta- 
minodes situated towards the posterior 
side. Of the former the middle one has a 
long curved versatile yellowish anther 
with a massive connective (Fig. 8A, B). 
The other two stamens have ovate, small, 
dithecous basifixed yellow anthers whose 
filaments are bent in the form of a hook 
(Fig. 7A, B). The staminodes are borne 
on short filaments and vary greatly in 
size and shape (Figs. 9-11). Most of 
them have a pouch containing a few pollen 
grains which readily become stained with 
acetocarmine and are in no way dis- 
tinguishable from those in the fertile 
stamens. The anthers do not open, and 
pollen is not shed. : 

The gynoecium consists of a trilocular 
five-ovuled ovary. The posticous locule 
contains a single large ovule, while the 
other locules have two ovules each. The 
style is long and curved towards the 
inside. In the pistillodes the style is 
generally very much coiled. In extreme 
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Fics. 7-11 — Morphology of stamens. 
7A, B. Dithecous stamen; ventral and dorsal 


Fig. 


views respectively. x 5. Fig. 8A, B. Stamen 
with eight locules; ventral and dorsal views. 
x 5. Figs. 9-11. Variation in structure of 
“staminodes’. x 18. 


cases the gynoecium is reduced to a mere 
projection. 


Embryology 


The following account is based mainly 
on the aerial flowers. The development 
in the sub-aerial and underground flowers 
is similar except in regard to minor 
points which are mentioned at appropriate 
places. 

MICROSPORANGIUM AND MALE GAMETO- 
PHYTE — Only a brief reference will be 
made to the microsporangium and male 
gametophyte since our observations are in 
agreement with those of our predecessors. 
The young anther is four-lobed. The 
microsporangial wall is four-layered com- 
prising the epidermis, endothecium, middle 
layer and tapetum. During the maturity 
of the anther, the epidermis becomes 
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greatly stretched, the endothecium de- divide to form two parietal cells ( Fig. 18 ). 
velops fibrous thickenings and the middle Usually it begins to degenerate during the 
layer becomes disorganized. Thetapetum enlargement of the functional megaspore 
is amoeboid and forms a true periplasmo- (Fig. 20). 


dium which is completely consumed at the MEGASPOROGENESIS — The megaspore 
shedding stage of the pollen. Divisions mother cell gives rise to two dyad cells 
of the pollen mother cells are successive. (Fig. 16), both of which divide again 


The pollen grain has a thick echinulate to form a tetrad (Fig. 18). The wall | 
exine with a broad lateral furrow running between the two micropylar megaspores 
along the long axis of the grain. The may be oblique so that the tetrad is not | 
microspore nucleus divides to give rise exactly linear, but more or less T-shaped | 
to the vegetative and the generative (Fig. 18). However, triads are much | 
nucleus. In the mature pollen grain, the more common (Figs. 17, 19). In such 
vegetative nucleus becomes less chromatic. cases the micropylar dyad cell remains 
and could not be made out. The gene- undivided. 


rative cell becomes much elongated and The chalazal megaspore functions, thus 

sickle-shaped. The pollen is shed at this the development of the female gameto- 

stage. phyte is monosporic. 
MEGASPORANGIUM — The nucellus ap- CHANGES IN THE NUCELLAR WALL — 


pears as a mound of cells projecting from The functional megaspore elongates and 
the axile placenta into the locule of the pushes its way through the degenerated 
ovary. The two integuments are well megaspores as well as the parietal cell or 
differentiated when the archesporial cell cells and reaches the nucellar epidermis. 
is formed. The micropyle is formed by Meanwhile cells of the latter divide peri- 
the inner integument only. clinally, so that two cell layers are formed 
During its early development the ovule (Figs. 18-23). In some of the prepara- 
undergoes a curvature of about ninety tions the degeneration of the non-func- 
degrees with the micropyle lying more or tioning megaspores is so quick and 
less at right angles to the funiculus. Since complete that the embryo sac may be 
no further bending takes place, the ovule mistaken as tetrasporic. 
may be designated as hemianatropous. The walls of the nucellar cells over- 
The inner integument is two-layered. arching the embryo sac become greatly | 
The outer is more massive and varies from thickened during later stages ( Figs. 19- | 
seven to ten cells in thickness in different 23). 


regions. In the micropylar region it is FEMALE GAMETOPHYTE — The func- | 
five to six-layered while it is seven to ten- tional megaspore elongates and shows the | 
layered at other regions. usual vacuoles, one on each side of the ! 


As a rule, a single hypodermal arche- centrally located nucleus (Fig. 20). 
sporial cell is formed ( Fig. 12), but some- Figs. 21 and 22 show the two- and four- | 
times two archesporial cells overlap each nucleate stages respectively. After the 
other (Fig. 13). The archesporial cell eight-nucleate stage the micropylar 
divides to form a primary parietal celland quartet becomes organized into the three- 
a megaspore mother cell ( Figs. 14, 15). celled egg apparatus and the upper polar — 
Occasionally the wall between the two nucleus, while the chalazal quartet gives | 
daughter cells is oblique (Fig. 16). Only rise to the three antipodals and lower 
rarely does the primary parietal cell polar. nucleus. The two polar nuclei 


——+ 
Figs. 12-23 - Female gametophyte. Figs. 12, 13. L.s. ovule showing one and two arche- 
sporial cells. Fig. 14. Megaspore mother cell surmounted by a parietal cell. Fig. 15. Megaspore 
mother cell, Meiosis 1. Figs. 16-18. Dyad, triad, and tetrad respectively. Fig. 19. Functional 
megaspore with two degenerating megaspores and a parietal cell. Fig. 20. Enlarged functional 
megaspore. Figs. 21, 22. Two- and four-nucleate embryo sacs. Fig. 23. Mature embryo sac. x 616 
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usually fuse near the egg apparatus 
( Fig. 23 ), but in many cases the secondary 
nucleus was found in the middle of the 
embryo sac. 

The egg is slightly flattened from above. 
Both the synergids and the antipodal cells 
have triangular outlines, but the latter 
have slightly larger nuclei. The anti- 
podals are ephemeral and have not been 
observed in post-fertilization stages. The 
synergids also start degenerating usual- 
ly after fertilization and are not seen at 
all after the four-nucleate stage of the 
endosperm. 

The embryo sacs frequently degenerate 
and this may happen even after ferti- 
lization. In such cases the degenerated 
endosperm nuclei and zygote form a 
shrunken mass in the middle of the 
embryo sac. 

It is to be noted that no difference in 
the development of the female gameto- 
phyte was found among the aerial, sub- 
aerial or underground flowers apart from 
the fact that in the pistillode, development 
never proceeds beyond the two-nucleate 
stage; more often it stops earlier. 

POLLINATION — The flowers are self- 
pollinated. The papillate stigma is in 
close contact with the anthers which 
dehisce within the bud. 

The generative nucleus is sickle-shaped 
at the shedding stage and later becomes 
even more elongated and thread-like. It 
is in this coiled stage that it passes from 
the body of the pollen grain into the 
pollen tube. Division takes place in the 
pollen tube. 

ENDOSPERM — The primary endosperm 
nucleus divides earlier than the zygote. 
The divisions are synchronous up to the 
formation of sixty-four nuclei. The free 
nuclei become evenly distributed through- 
out the embryo sac. Figs. 24-27 illustrate 
some stages in the development of the 
endosperm. The chalazal end of the 
embryo sac, which is at first narrow, be- 
comes considerably broad after ferti- 
lization ( Figs. 24-27). 

There is a gradual reduction in the size 
of the endosperm nuclei ( Figs. 28-35 ) 
with each mitotic division, until sixty-four 
nuclei are formed. After this a fairly 
constant size is maintained in subsequent 
mitoses, except that the nuclei in the 
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chalazal region are slightly larger than 


| 
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those in the micropylar part (compare | 


Figs. 36 and 37). 
The number of nucleoli 


Usually three nucleoli are found at 32- 
nucleate stage, two at the 64-nucleate 
stage and one in older stages ( Figs. 32-37 ). 

An interesting feature is the develop- 
ment of small processes towards the 


Fiss. 24-37 — Endosperm. All figures have 
been drawn from whole mounts. Fig. 24. Ferti- 
lized embryo sac with zygote and primary endo- 
sperm nucleus. x 164. Figs. 25-27. 4-, 32-, 
and 64-nucleate endosperm. x 164. Figs. 28- 
37. Endosperm nuclei showing gradual reduction 
in size with following mitoses. Fig. 28. Primary 
endosperm nucleus. Fig. 29. Nucleus at 4-nucleate 
stage of endosperm. Figs. 30, 31. Nuclei at 
8-nucleate stage. Figs. 32, 33 and 34, 35. Nuclei 
at 32- and 64-nucleatestages. Figs. 36, 37. After 
the 64-nucleate stage; Fig. 36 shows a nucleus 
from the chalazal region. x 270. 


may vary. | 
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Fic. 38 — Free nuclear endosperm showing 
haustorial processes (4) in the chalazal region. 


x 124. 


chalazal region, which penetrate the nucel- 
lar cells below. In these the nuclei are 
slightly larger and more closely aggregated 
(Fig. 38, h). 

The pattern of endosperm development 
is guided by the micropylar collar. Below 
this it expands peripherally so as to fill 
the entire cavity of the ovule ( Figs. 54- 
56 ). 

Aa formation, which is centripetal, 
does not start till 500-600 nuclei are 
formed. It proceeds from the micropylar 
region downward. The cytoplasm be- 
comes vacuolated and cytoplasmic strands 
surround two to three nuclei (Fig. 39) 
resulting in multinucleate cells ( Fig. 41 ). 


As wall formation proceeds downwards, 
the nuclei at certain places start fusing. 
The fusion nuclei are irregular in shape 
and the number of nucleoli varies from a 
few to twelve ( Figs. 43-53 ). 

Mitotic divisions continue (Fig. 42) 
within the cells and the nuclei may be 
separated by new cell walls. 

The mature endosperm is mealy. As 
the cell inclusions increase, the nuclei 
within the cells become less and less 
prominent and ultimately degenerate. 
The compound starch grains completely 
fill the cells of the endosperm ( Fig. 57). 

In aerial flowers the primary endosperm 
nucleus fails to divide in the lower ovules 
of the anticous locules. As such these 
ovules form no endosperm and never 
mature into seeds. 

EMBRYOGENY — The zygote divides 
transversely giving rise to the cells ca and 
cb ( Figs. 58-60). The former undergoes 
two longitudinal divisions at right angles 


2 

“7 48 4 50 

Fics. 39-53 — Endosperm (contd.). Fig. 39. 
Portion of a free nuclear endosperm showing 
initiation of wall formation. x 335. Fig. 40. 
Outline diagram of cellular endosperm. x 7. 
Figs. 41, 42. Portions marked a and b enlarged 
from Fig. 40 to show multinucleate endosperm 
cells; the nuclei are undergoing mitoses in Fig. 
42. x 335. Figs. 43-53. The fusion nuclei 
enlarged from region c of Fig. 40. x 335. 
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to one another forming a typical quadrant 
( Figs. 61-66 ); cb also undergoes a longi- 
tudinal division, but the wall separating 
the two derivatives is generally oblique, 
so that only one of the resulting cells is 
in contact with the wall of the embryo 
sac ( Figs. 61, 63). Following the nota- 
tions employed by Souéges (1958a, b), 


Fics. 54-57 — Longisections of seeds at 
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the larger of these cells is ci, the other 
being m. The oblique disposition of the 
wall in cb is followed by an asymmetry in 
the divisions of the two daughter cells. 
Whereas m divides longitudinally, cz 
undergoes a transverse division resulting 
in # and n (Fig. 64). Thus the eight- 
celled proembryo (Fig. 64) comprises 


g 
= 


Fies. 58-75 — Embryo (cot, cotyledon; cs, cotyledonary sheath; /f, leaf; 7, root; sr, secondary 
root; st, stem tip). Fig. 58. Zygote. x 550. Figs. 59, 60. Two-celled proembryos. x 550. 
Figs. 61, 62. Four-celled proembryos. Note the oblique longitudinal wall in Fig. 61. Fig. 63. Five- 
celled proembryo. Figs. 64, 65. Eight-celled proembryos. A quadrant has been formed from 
the terminal tier. x 550. Figs. 66-68. Later stages, representing ten-celled, thirteen-celled and 
seventeen-celled proembryos. x 550. Figs. 69, 70. Formation of notch at the side of proembryo 
ind differentiation of the cotyledon. x 550. Figs. 71-74. Outline diagrams showing later stages 
of development. x 70. Fig. 75. L.s. mature embryo showing vascular supply. x 60. 
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the quadrant g, two longitudinally divided 
derivatives of m, and n and # cönsisting 
of a single cell each. The stages repre- 
sented in Figs. 66-68 show that later divi- 
sions are less regular. Walls are laid down 
both transversely and longitudinally re- 
sulting in the formation of globular 
embryos. An interesting point is that 
the octant stage is omitted since the cells 
of the quadrant directly undergo peri- 
clinal divisions and cut off a dermatogen 
( Figs. 67, 68). 

Due to unequal growth, a depression 
appears on one side in between the deri- 
vatives of g and m ( Figs. 69, 70). Later 
growth deepens the wedge still further 
so that the embryo appears to be cleft into 
two portions (Figs. 71-74). The part 
below the wedge (derived from g) 
develops into the cotyledon whereas that 
above ( derived from co=m+n-+n ) forms 
the stem tip, hypocotyl, root and root-cap. 
The shoot apex arises from the roof of the 
groove, i.e. from m. 

The origin of the shoot apex is lateral, 
but it becomes medianly placed later due 
to spatial distortion. Figs. 74 and 75 
illustrate longisections of mature embryos 
showing the shoot apex and the leaf pri- 
mordia surrounded by the lamina of the 
cotyledon at the lower end, and by the 
cotyledonary sheath on the sides. 

SEED AND SEED CoAT— The fruit 
formed in the aerial spathe contains three 
seeds, one per locule. One ovule in each 
of the anticous locules remains arrested. 
In the underground fruit only one seed is 
formed in the posticous locule which is 
quite comparable with its counterpart 
in the aerial fruit except for the slightly 
larger size in the former. 

At the time of maturity, when the fruit 
is dry, it dehisces by a loculicidal wall, 
exposing the two anticous locules. The 
posticous locule is indehiscent and the seed 
falls down on the soil. The single under- 
ground seed remains within the fruit wall. 
The germinability of the underground 
seeds was found to be much higher than 
that of the aerial seeds which often failed 
to germinate. 

The seeds are smooth but have a very 
thick seed coat. At the time of fertili- 
zation the outer integument is usually 7- 
layered (Fig. 77). The cells of the inner 
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epidermis of the outer integument enlarge | 
considerably and show denser cytoplasm. | 
The nuclei move towards the outer wall | 
as shown in Fig. 80. Subsequently the | 
inner tangential walls and in particular the 
radial walls become greatly thickened. 
The radial walls are reinforced by un- 
usually heavy thickenings interrupted only 
by small circular pits. In the outer part 
of the cells (in contact with the other 
layers of the outer integument), the 
thickening is moderate and pitting tends 
to resemble the scalariform type. The 
pits are radially elongated and are more 
abundant. It is this portion of the cell 
that contains the nucleus which can be 
seen even in very advanced stages of 
development (Fig. 83). Meanwhile, the 
outer layers of the outer integument 
are crushed and flattened against the 
pericarp. 

The inner integument never attains a 
thickness of more than two layers of cells 
(Figs. 77, 78). Concomitant with the 
changes in the outer integument, the outer 
layer of the inner integument becomes 
transformed into a stout cuticular layer 
distinguishable into two zones — an outer 
dark brown and an inner yellowish zone. 
The inner layer of the inner integument 
also becomes dense dark brown ( Fig. 83 ) 
but the radial septa can still be seen. 

CHANGES IN THE MICROPYLAR REGION 
— The above description applies to a large 
part of the seed coat. In the micropy- 
lar region, however, the seed coat takes 
a somewhat different pattern ( Figs. 78, 
81, 84). Although the cells of the inner 
epidermis of the outer integument elongate 
and become thickened, they do not become 
distinguished into two regions. The cells 
of the two layers of the inner integument 
disorganize to form a homogenous dark 
brown layer. 

THE MICROPYLAR COLLAR — After ferti- 
lization, as the result of inhibited growth 
at the micropylar end and pronounced 
growth at the other regions, the nucellus 
and integuments become folded in a ring- 
shaped manner so as to give rise to thick, 
dome-shaped structure which becomes a 
very marked feature of the seed ( Figs. 
54-57 ). 

SEED GERMINATION — The germinating 
embryo makes its way out by rupturing 


Fig. 76. 


Outline diagram of ovule just after fertilization. x 13°5. Figs. 77, 78. Enlarged portions showing 
structure of integuments; Fig. 78 shows seed coat in the micropylar region. x 408. Fig. 79. Out- 
line diagram of ovule at globular stage of the proembryo. x 13:5. Figs. 80, 81. Enlarged portions 
of seed coat; Fig. 81 is drawn from micropylar region. X 408. Fig. 82. Outline diagram of older 
fruit. x 13:5. Figs. 83, 84. Portions enlarged from above to show structure of seed coat; Fig. 84 


shows the condition in the micropylar region. x 408. 


Fics. 76-84 — Seed coat (ii inner integument; oi, outer integument; p, pericarp ). 


Fics. 85-91 — Stages in the germination of 
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the seed coat in the region of micropylar 
collar. The main mass of the cotyledon 
remains in the seed. Only the “ petiole ”’ 
(cotyledonary sheath ) elongates permit- 
ting mobility of the germinating embryo 
which soon establishes itself in the ground. 

The cotyledonary sheath surrounds the 
entire embryonal axis. The first leaf 
comes out of the sheath within two days 
and unfolds completely in another two 
days ( Figs. 86-88). In Fig. 85 it is still 
enclosed within the cotyledonary sheath. 
There is considerable elongation of the 
seedling at this stage and the second leaf 
starts unfolding in 4-5 days (Figs. 89, 
90.92). | 

The cotyledon is well adapted as a 
feeder. The epidermal cells of the coty- 
ledonary lamina (the main mass of the 
cotyledon ) are elongated and resemble the 
epithelial tissue of the scutellum. These 
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cells are in contact with the mealy endo- 
sperm and serve to absorb and pass on the 
food material to the shoot. The coty- 
ledonary sheath acts as a channel for the 
translocation of the nutrients in the early 
stages of seedling. It usually dries up 
when two leaves have unfolded by which 
time the food material within the seed 
also gets exhausted. 

Two vascular traces pass through the 
slender cotyledonary sheath and are con- 
nected to the main vascular supply of the 
seedling through the primary leaf sheath. 
The two traces branch within the lamina 
of the cotyledon ( Fig. 91). 


Discussion 


UNDERGROUND FLOWERS AND CLEISTO- 
GAMY — Of about 20 species of Commelina, 
underground flowers have been reported 
only in five: C. nudiflora ( Calvino, 1922, 
1923 ), C. benghalensis ( Trochain, 1932), 
C. forskalaei ( Hagerup, 1932 ), C. virginica 
( Uphof, 1934) and C. indehiscens 
( Barnes, 1949). Whether this condition 
arose as a result of mutation or of en- 
vironmental adaptation has been much 
debated (Burck, 1906; Uphof, 1938). 
In this connection Maheshwari & Mahesh- 
wari’s observations ( 1955 ) are of interest 
as they found that both in C. forskalaet 
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and C. benghalensis, a comparatively larger 
number of underground flowers is pro- 
duced with the onset of unfavourable 
winter conditions. We too observed that 
the plants grown in the glass-house under 
conditions of high humidity develop very 
few underground flowers while in the dry 
soil their number is much larger. Simi- 
larly in €. forskalaei the third flower of 
the aerial spathe is cleistogamous in the 
warmer climate of Timbuctu ( Hagerup, 
1932), whereas in Delhi ( Maheshwari & 
Maheshwari, 1955 and Present Work) 
it is invariably chasmogamous. 

More specific instances of environmental 
influence are also on record. For example, 
in Commelinantia pringlei ( Parks, 1935 ) 
cleistogamous flowers, if accidentally or 
otherwise exposed to light, behave as 
chasmogamous. In C. forskalaei even 
when only a portion of the underground 
branch is exposed to light, the flowers 
behave as chasmogamous. 

The above findings clearly demonstrate 
the important role of environment in the 
expression of cleistogamy and have led 
different authors to coin such terms as 
“ecological cleistogamy ’, ‘ pseudo-cleisto- 
gamy ’ or ‘ photocleistogamy ’ ( Hansgirg, 
1891; and Uphof, 1938). However, in 
our opinion, these effects do not in the 
least exclude the possibility of a mutation 
or a genetic factor as being responsible for 
the origin of cleistogamy. In fact the 
observation that out of several species 
only a few show floral dimorphism argues 
for some form of genetic control. 

Irrespective of whether cleistogamy is 
genetical or physiological, most workers 
agree to its derivation from chasmogamy 
and its being a later development in the 
time scale of evolution. 
supported by our study of C. forskalaeı, 
where there is even a third category of 
spathes and flowers — the so called sub- 
aerial ones— which occupy an inter- 
mediate position between the aerial and 
the underground and, although chasmo- 
gamous, do not fully open. 

Hagerup (1932) and Maheshwari & 
Maheshwari ( 1955 ) have described cleisto- 
gamous flowers even in the aerial spathes 
(cf. the fourth and fifth flowers ). This, 
however, we are not able to confirm. 
Occasionally these flowers do open, al- 
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though ordinarily they fall off due to some 
unknown reasons, immediately after the 
commencement of fruiting in the second 
flower. In other words they are abscissed 
prematurely before the opening stage is 
reached and thus the apparent cleisto- 
gamous behaviour is not really so. 

EMBRYOLOGY — Our main observations 
are compared below with those of pre- 
vious workers. 

In €. forskalaei the ovule is hemianatro- 
pous. Previously only orthotropous con- 
dition had been reported: C. benghalensis 
( Maheshwari & Singh, 1934), Cyanotis 
cristata, Anetlema spiratum and Zebrina 
pendula  (Lakshminarasimha Murthy, 
1934, 1938). <A parietal cell is always cut 
off in Commelina forskalaei. It is absent 
in C. stricta ( Guignard, 1882 ) and Cyanotis 
cristata ( Lakshminarasimha Murthy, 1934, 
1938), but present in Tradescantia vir- 
ginica (Strasburger, 1879), Aneilema 
spiratum and Zebrina pendula ( Lakshmi- 
narasimha Murthy, 1934, 1938). In Com- 
melina benghalensis ( Maheshwari & Singh, 
1934 ) it may be present or absent. 

All types of embryo sacs — monosporic, 
bisporic and tetrasporic— have been 
described in the Commelinaceae, but only 
the Polygonum type has been confirmed. 
Maheshwari ( 1946 ) has already criticized 
the report of a tetrasporic embryo sac 
in Commelina angustifolia ( McCollum, 
1939). Similarly the report on an 
Oenothera type of embryo sac in Com- 
melinantia pringlei ( Parks, 1935 ) appears 
to be very doubtful. In C. forskalaei and 
presumably in other genera too, the 
antipodals are ephemeral and the two 
polar nuclei fuse very early giving the false 
impression of a four-nucleate Oenothera 
type of embryo sac. 

Lakshminarasimha Murthy (1934, 
1938) reported that in Cyanotis cristata, 
the narrow antipodal end of the embryo 
sac pierces down into the nucellus as a 
haustorium after fertilization. In Com- 
melina forskalaei on the contrary, the lower 
end of the embryo sac broadens out con- 
siderably filling the chalaza. 

According to Siissenguth (1920) the 
first division of the zygote in Tradescantıa 
myrtiflora is transverse and the basal 
as well as the apical cells are divided 
by longitudinal walls. The suspensor is 
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absent. Similar observations were made 
in Cyanotis cristata by Lakshminarasimha 
Murthy (1938). Solms-Laubach ( 1878 ) 
mentioned that in Tinantia and Hete- 
rachtia the cotyledon is lateral and the stem 
tip is terminal in origin, but Worsdell 
(1916) and Lakshminarasimha Murthy 
(1934, 1938) reported that both the 
cotyledon and the stem tip originate from 
the apical portion. Souéges ( 1958a, b ) 
has shown that in Commelina communis 
and Rhoeo discolor, the embryo belongs to 
the Muscari variation of the Asterad type; 
the apical cell ca gives rise to the cotyledon, 
and cb forms the remaining organs. The 
shoot apex which is lateral arises from 
derivatives of m. 

As far as the development of the embryo 
is concerned, our findings are in agreement 
with those of Souéges. However, the 
assignment of the embryo to the Muscari 
type appears to be questionable. It may 
be pointed out that the mature embryos 
of Muscari and Commelina have an en- 
tirely different structure. In Muscari a 
suspensor is present, and the cells cz and m 
are superposed. In Commelina, on the 
other hand, there is no suspensor, and ci 
and m are juxtaposed, not superposed. All 
the investigated members of the Com- 
melinaceae show a characteristic asym- 
metry (peculiar to this family alone) 
in the divisions of the two longitudinal 
halves of the cell cb. One of these cells 
first undergoes a vertical division, whereas 
in the other cell the first division is 
transverse. 

SEED GERMINATION — Lakshminara- 
simha Murthy (1938) describes in Cya- 
notis cristata a thread-like structure con- 
necting the seedling with the seed. This 
has also been reported in some members 
of the Gramineae ( Arber, 1925). Haber- 
landt (1928) considers them to be spe- 
cialized absorbing organs. 

The structure has also been found in 
C. forskalaei. Morphologically, it is the 
portion of the cotyledonary sheath be- 
tween the lamina of the cotyledon and the 
region of attachment of the cotyledon to 
the embryonal axis. This elongates con- 
siderably after germination and maintains 
connection with the cotyledon ( left behind 
in the seed) on the one hand, and the 
young seedling on the other. Its function 
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as a feeder ceases soon after the seedling 
develops a photosynthetic apparatus. 


Summary 


Commelina forskalaei is a local herb, | 
The plants | 
exhibit floral dimorphism, with aerial blue | 
chasmogamous and underground white | 


common during the monsoon. 


cleistogamous flowers. 
Moisture and light exercise a pro- 


nounced influence on the number and | 
The | 
latter develop far more profusely under | 


behaviour of cleistogamous flowers. 


comparatively dry conditions while none 
or few are produced in water-logged soil. 
By exposure to light the cleistogamous 
flowers become chasmogamous. The 
branches originally destined to be under- 


ground can be induced to acquire a | 


“transitional ” character also by merely 
preventing them from penetrating the soil. 

There is a tendency towards a general 
reduction in the number of flowers in a 
spathe. Usually only a single fruit is 
formed, although the number of bisexual 
flowers in a spathe may be larger. Out of 
five ovules occurring in an ovary, only 


three mature into seeds in an aerial flower; | 


and only one seed per fruit is formed in 
the underground spathe. 

Embryologically, there are few pecu- 
liarities. The development of the anther, 
ovule, embryo sac, endosperm and embryo 
is essentially alike in the aerial, sub-aerial 
and underground flowers. 

The flowers of Commelina forskalaei 
possess six stamens, out of which three are 
the so-called staminodes. Many of these 
staminodes, however, seem to have fertile 
pollen grains. The tapetum is amoeboid 
and the pollen is shed at the two-celled 
stage. 

The ovule is hemianatropous, bitegmic 
and crassinucellate. A parietal cell is 
always cut off, which may or may not 
divide further. The development of em- 
bryo sac is of Polygonum type. The 
endosperm is Nuclear, but later becomes 
cellular. The embryogeny follows the 
Asterad type. The cotyledon is terminal 
and the stem tip is lateral in origin. The 
seed coat is mainly formed from the outer 
integument. The inner integument de- 
generates giving rise to a thick cuticular 


| 
| 
| 
| 
| 
1 


| 
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layer distinguishable into an outer denser 
and an inner lighter zone. 

During germination, the basal region 
of the cotyledon (the ‘petiole’ of the 
cotyledon ) elongates considerably and be- 
comes thread-like. It connects the young 
seedling with the lamina of the cotyledon 
lying enclosed in the seed and shrivels up 
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after the seedling becomes independent. 
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katesh for going through the manuscript 
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The genus Calobryum Nees has been 
recognized since 1836 and the type of the 
genus, Monoclea blumii, was described in 
1830 by Nees from Java. This species 
has been reported a number of times 
since then from Java (Schiffner, 1898; 
Verdoorn, 1931; Meijer, 1954) and from 
Sumatra (Schiffner, 1900) and New 
Guinea (Stephani, 1900 ). 

One of the characteristic features of this 
species, and of the genus Calobryum, is the 
absence of a perianth (except in. C. 
gibbsiae according to Stephani, 1917- 
1924). The fleshy “ calyptra”, 10 to 
15 mm. in length at maturity, is the sole 
protection of the developing sporophyte. 

The nature of this “ calyptra ’’ has been 
described only incidentally and illustrated 
in a general way and one is left in doubt 
as to its origin, structure and appearance. 
There are two rather widespread inter- 
pretations of the term calyptra when 
applied to the Hepaticae. Evans ( 1939), 
Müller ( 1951 ), Parihar ( 1957 ), and Smith 
(1955) have interpreted it to mean a 
structure derived from growth of the 
venter of the archegonium after ferti- 
lization of the egg. On the other hand, 
Campbell ( 1940 ), Goebel ( 1930 ), Herzog 


| 


(1925), Macvicar (1926), and Schiffner | 


(1893-1895) have used the term to in- 


dicate any structure which protects the | 
young sporophyte, whether it is developed | 
from the venter alone or the venter plus a | 


greater or lesser amount of stem tissue. 
Knapp (1930) has made a detailed study | 
of sporophyte-gametophyte relationships 
and has classified and named those types, 


| 


in which tissues other than or in addition 


to those derived from the venter were in- 
volved in the protective covering of the 
young embryo. He did not include the 
genus Calobryum in his study. 

Most of our knowledge of the morpho- 
logy of this genus has come from work on 
C. blumit ( Goebel, 1891, 1930; Schiffner, 
1900; Campbell, 1920, 1940; Cavers 1910; 
Smith, 1955). 

The sporophyte is described as being 
protected by a massive ‘“ calyptra ” 
10-15 mm. in length. The drawing by 
Campbell (1920, 1940) shows its thick 
apical part even at an early stage of the 
embryo. It is approximately 6 cell layers 
thick, and the outer surface, although un- 
even, does not show outgrowths. 

However, Schiffner (1900), stated 
that in this species there were sterile 


*From work related to a project supported by Nauonal Science Foundation Grant, number 
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archegonia scattered over the surface of 
the fleshy “ calyptra”, a fact not men- 
tioned by Goebel or Campbell. Earlier, 
Spruce (1884-1885) had described C. 
(as Scalia) andinum (Spr.) Steph. as 
having sterile archegonia at the base and 
part way up the calyptra. 

While examining collections of the 
dioecious C. blumir for a survey of the 
genus, both male and female stems of this 
were found. The material collected in 
Java, determined by Fr. Verdoorn and 
distributed in Verdoorn, Hep. Sel. et 
Crit. II, No. 61, 1931, contained several 
stems with female inflorescences and young 
sporophytes. The archegonia which num- 
ber 30 or more are borne on an expanded 
disc at the tip of an erect leafy stem. 
This disc is surrounded by one or two 
series of bracts and bracteoles. The latter 
are similar to but smaller than the bracts. 
The inner series is somewhat smaller and 
more delicate than the outer. It is only a 
matter of opinion as to whether the latter 
should be designated as leaves or bracts 
since they are no different from leaves. 
There is no perianth. 

The archegonia are slender with long 
necks and 16-20 typical neck canal cells 
( Campbell, 1920). After fertilization the 
young embryo with its thick fleshy and 
sreen ‘ calyptra’’ becomes prominent on 
the disc and the characteristic form is 
readily recognized as shown in Fig. 1. 
The “ calyptra ” is surrounded by a ring 
ff many partly shrivelled unfertilized 
irchegonia (Fig. 1, A, D). Larger, more 
urgid archegonia with long necks ( Fig. 1, 
B ) occur near the base, while grotesquely 
shaped, malformed ones (Fig. 1, G) are 
cattered over the surface, particularly 
vear the tip. Slime papillae (Fig. 1, P) 
ire frequent over the surface. Stephani’s 
mpublished drawings (Icones Hepti- 
arum, Calobryum, no. 1b and 4) show a 
ing of unfertilized archegonia at the base 
f the long “ calyptra ”.in C. andinum and 
>. rotundifolium, but none on the surface 
f the “ calyptra ”’. 

Even with an increase in age and size, 
he general aspect is much the same 

Fig. 2, an optical view from the ventral 
ide). Two bracteoles (Fig. 2, N) or a 
yracteole and an under-leaf, and 2 pairs of 
acts (Fig. 2, M) are indicated. The 
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ring of shrivelled archegonia (Fig. 2, A) 
on the disc ( Fig. 2, D) and the elaborate, 
proliferated, malformed archegonia on the 
upper part ( Fig. 2, G) are now conspi- 
cuous. In many of the latter the cells of 
the stalk, venter and the neck are involved 
in the supplementary growth. Fig. 3 
shows the apical area in somewhat more 
detail. The deformed, unfertilized arche- 
gonia recall the unfertilized archegonia of 
the stem of Haplomitrium (Fulford & 
Diller, 1956), which also exhibit unusual 
growth and proliferations. ( Compare 
Figs: 1-4, at G with Figs. 6, 7.) 

The young sporophyte, comprising the 
foot, seta and capsule ( Fig. 2 ), is clearly 
visible. Its longitudinal section ( Fig. 4) 
indicates the relative positions of the 
various parts. The foot ( Fig. 4, F) with 
elongated, haustorial cells in the basal 
part ( Fig. 5) penetrates into the stem to 
a depth between the first and second 
series of bracts. The “ calyptra ” ( Fig. 
4, SC) is mostly 6 cells thick, except in 
the proliferated apex where it may be 
thicker. 

The occurrence of archegonia scattered 
over the surface and at the tip of the 
calyptra indicates that portions other than 
the venter may be involved in its forma- 
tion. As Knapp ( 1930 ) has pointed out, 
such a covering with archegonia over the 
surface and at the tip clearly indicates 
that a portion of the stem, i.e. a portion 
of the disc immediately surrounding the 
fertilized archegonium, has been exceed- 
ingly active in the development. 

Accordingly, Knapp has designated it as 
shoot calyptra. In fact, since archegonia 
occur up to the tip, it would seem that 
in C. blumii, there is no free calyptra 
(from the venter of the archegonium ) 
at all. 

Such a condition is not primitive, rather 
it is advanced and derived. It is re- 
presented in different stages of develop- 
ment in several genera, for example, 
Anthelia, Trichocolea, Gymnomitrion and 
Ptilidium, and in C. blumii it has reached 
its peak of development. 

The recognition in Calobryum of this 
highly specialized, advanced type of 
shoot calyptra, instead of a simple elon- 
gated calyptra from the venter of the 
archegonium, raises the problem of the 


1-7. 


Fics. 
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phylogenetic position of this genus in the 
Hepaticae. It lays open to question some 
of the present conclusions, particularly 
those concerning the facts gained from 
“conservative organs’’, i.e. female in- 
florescences and patterns of development 
of sporophyte-stem relationships. 

Further work on stem-sporophyte re- 
lationships is in progress. 


Summary 


1. On the basis of the more precise 
interpretation of the term calyptra (as 
derived from the wall of the venter of the 
fertilized archegonium (Evans, 1939), 
the long fleshy “ calyptra ” of C. blumii 
is not a calyptra in that it does not 


develop entirely from the venter of the 
archegonium. 

2. In C. blumii, it is a shoot calyptra 
derived from the calyptra plus the stem 
immediately surrounding the fertilized 
archegonium. Some sterile archegonia are 
carried up—in this case even to the apex. 

3. No free calyptra was observed at the 
apex although there may be a few cells of 
venter origin around the old neck of the 
archegonium. 

4. This is a derived rather than a 
primitive type of protective covering of 
the developing sporophyte. 

The facts presented above suggest the 
need for a revaluation of the position of 
Calobryum in the phylogenetic sequence 
of the Hepaticae. 
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Fics. 1-7 — Calobryum blumii Nees (A, old, shrivelled archegonia; B, archegonia with the 


characteristic long necks; CP, capsule; D, the disc at the top of the stem on which the archegonia 
are borne: E, seta; F, foot; G, grotesque, malformed archegonia on the upper part of the shoot 
calyptra; H, stem; L, leaf; M, bract; N, bracteole; P, slime papilla; SC, shoot calyptra; a venter 
of the archegonium ). Fig. 1. Habit sketch of a young shoot-caiyptra with unfertilized archegonia 
over the surface. x 38. Fig. 2. A larger shoot-calyptra containing a young sporophyte. x I5. 
Fig. 3. The apical portion of this shoot calyptra. x 80. Fig. 4. L.s. shoot calyptra showing the 
relationships of various parts. x 15. Fig. 5. The foot and a portion of the seta of the sporophyte. 
x 80. Figs. 6, 7. Unfertilized, malformed archegonia from the stem of Haplomitrium. x 65. 
Nos. 1-5 drawn from material in Verdoorn, Hep. Sel. et Crit. II, No. 61, 1931; Nos. 6, 7 after Fulford 
& Diller, 1956. 
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DÉVELOPPEMENT DE L’ALBUMEN ET DE L’EMBRYON 
CGHEZZLE COLLINSITAZBICOLORZBEN HE 
( SCROFULARIACEES ) 


P. CRETE 


Faculté de Pharmacie, Université de Paris, Paris, France 


Les Chélonées sont l’une des subdivi- 
sions que Wettstein (1895) établit chez 
les Antirrhinoïdées, qui, avec les Pseudo- 
solanées et les Rhinanthoidees, consti- 
tuent la famille des Scrofulariacees. De- 
finies par leur corolle ni éperonnée, ni 
renflée à la base et leurs inflorescences en 
cymes, elles comptaient, des 1895, 26 
genres dont la moitié appartenait aux 
contrées de l’Amerique. Nous disposons 
actuellement de peu de données sur leur 
embryologie. G. Balicka-Iwanowska(1899) 
et M. Schertz (1919) nous rensei- 
gnent sur le développement de l’albumen 
des Scrofularia. Nous avons, pour notre 
part, étudié l’embryologie du Teedia 
lucida (Soland.) Rud. et du Tetranema 
mexicanum Benth. Dans tous les cas, le 
developpement de l’albumen se rattache 
au type Verbascum, caracterise par la 
superposition, A un certain moment, de 
trois etages de quatre cellules, correspon- 
dant l’un, aux initiales de l’albumen pro- 
prement dit, les deux autres, respective- 
ment aux initiales d’un haustorium micro- 
pylaire et d’un haustorium chalazien. 
Cependant, alors que le Teedia se rapporte 
à la forme la plus primitive, les autres 
s’en distinguent par la réduction du 


suçoir chalazien qui comporte deux cellu- | 


les uninucléées chez les Scrofularia et une 
cellule binucléée chez le 


K.V.O. Dahlgren (1923) sur les Pent- 


stemon, par V. Millsaps (1936) sur les | 


Paulownia. Par contre, il est difficile 
de tirer profit de la description trop 
succincte et des deux seules figures que 
nous propose Balicka-Iwanowska ( 1899 ) 
au sujet de l’Uvoskinnera spectabilis. 
Nous avons récolté, dans le Jardin bota- 
nique de la Faculté de Pharmacie de 
Paris, des échantillons nombreux, aux 
divers stades de la fructification, d’une 
Chélonée, le Collinsia bicolor Benth. 
L'intérêt du genre réside dans la corolle, 
si nettement bilabié que sa forme n'est 
pas sans rappeler celle des fleurs de Papi- 
lionacées, et dans la capsule qui renferme 
seulement un petit nombre de graines. 
L’ovule du €. bicolor est plutôt amphi- 
trope qu'anatrope (Fig. 4). Il nous a 
été impossible de vérifier si le sac embryon- 
naire était monosporique ou disporique, 
mais il se différencie certainement plus 
d'une macrospore. En 1 et 2, nous avons 
un gamétophyte où l'identification des 


{ December | 


Hepaticae Selectae et Cri- || 
ticae, Series II. 1931. Ann. Bryol. 4: 140-150. | 


|| 
| 


Tetranema. | 
D’utiles renseignements ont été fournis | 
également par A. T. Evans ( 1919) et par | 


1958 ] 


noyaux de la tetrade chalazienne précède 
notablement celle des noyaux de la té- 
trade micropylaire. Un second sac em- 
bryonnaire ne comporte encore que deux 
noyaux; situé plus pres de la chalaze que 
le précédent, il semble que son développe- 
ment ultérieur eût été entravé par celui 
du premier gamétophyte. Le sac em- 
bryonnaire comprend définitivement une 
oosphère, deux synergides, un noyau 
secondaire et trois antipodes (Fig. 3 et 
4). Il demeure tres court et il est 
limite, dans sa region antipodiale, par un 
épithélium provenant de la transforma- 
tion de l’assise tégumentaire interne. 
DÉVELOPPEMENT DE L’ALBUMEN — La 
cellule micropylaire cm, isolée par le pre- 
mier cloisonnement de l’albumen, donne 
naissance à deux ( Fig. 5 et 6 ) puis quatre 
éléments juxtaposés; un stade transitoire 
tricellulaire est figuré en 7-8. Pendant 


ce temps, le noyau de la cellule chala- 
zienne, soeur de la cellule micropylaire 
( Fig. 5 ), augmente de volume ( Fig. 7 et 
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9), puis se divise (Fig. 10). La cellule 
chalazienne croît alors à l'intérieur du 
tégument et, se recourbant, pénètre dans 
la région du raphé ( Fig. 10, 11, 12, 14 et 
15); c'est elle qui fournit l’haustorium 
chalazien. 

Les quatre éléments, issus de la cellule 
micropylaire, prennent des parois hori- 
zontales sensiblement situées à un même 
niveau. L'un des deux étages formés 
est à l'origine de l’albumen proprement 
dit. Il conserve assez longtemps un 
faible volume, puis il se cloisonne d’abord 
transversalement (Fig. 12) et finit par 
former un tissu plus important dans 
lequel pénètre l’oospore ( Fig. 13 et 14). 
L’albumen proprement dit s'accroît pro- 
gressivement aux dépens du tégument 
puis il est résorbé en grande partie par 
l'embryon en voie de développement 
( Fig. 19). Les éléments de l’autre étage, 
situés près du micropyle peuvent se seg- 
menter tout d’abord transversalement 
( Fig. 11 à gauche et Fig. 13) ou rester 


Fies. 1-15 — Collinsia bicolor Benth. Fig. 1, sac embryonnaire à 6 noyaux et macrospore 


binucléée. 
du développement de l’albumen. 


Fig. 3, sac embryonnaire complet, Figs. 5, 7, 9, 10, 11, 13 et 14, les premiers stades 
Figs. 2, 4, 6, 8, 12 et 15, schémas correspondant respectivement 


aux Figs. 5, 7, 9, 11 et 14. ms, macrospore, se, sac embryonnaire; epn, assise externe du nucelle; 
an, antipodes; ns, noyau secondaire; o, oeuf; sy, synergides; cch, cellule chalazienne et cm, cellule 
, ; 


micropylaire isolées lors du premier cloisonnement de l’albumen ou étages leur correspondant; 00, 
oospore; ait, assise épithéliale interne du tégument; hc, haustorium chalazien; al, albumen propre- 
; 


ment dit; Am, haustorium micropylaire; s, 
séminal. 


diverticules émis par les suçoirs dans le tégument 
G: 370 pour la Fig. 1, 290 pour la Fig. 3, 230 pour les Figs. 7, 9, 10, 11 et 13, 175 pour 


la Fig. 14, 25 pour les Figs. 2, 4, 6, 8, 12 et 15: 


Fics. 16-28 — Collinsia bicolor Benth. De 16 à 19, les derniers stades du développement | 
Les Figs. 16 et 17, correspondent à deux coupes successives d’une même graine. | 


de l’albumen. 


De 20 à 28, développement de l'embryon. embr, embryon; ca, cellule apicale et cb, cellule basale 
du proembryon bicellulaire ou-étages leur.correspondant; m, cellule intermédiaire et ci, cellule 
inférieure de la tétrade; J, octants supérieurs et /’, octants inférieurs; d et f, cellules-filles de m; 
de, dermatogéne; pe, peribleme; pl, plérome; iec, initiales de l'écorce au sommet radiculaire; mv, | 
initiales du méristème vasculaire des cotylédons. 


Figs. 20 à 28. 


indivis ( Fig. 13 à gauche). Ils pénètrent, 
tous ou quelques-uns seulement, entre les 
cellules du tégument à la base de l’assise 
épithéliale, art. Ils créent, dans la région 
située en face de la chalaze et qui s’est 
notablement accrue au début de la sémino- 
genèse, des diverticules qui provoquent 
‘une résorption importante des tissus ( Fig. 
13, 14, 16, 17 et 18). L'un des rameaux, 
dont il est difficile de préciser s'il provient 
de l’haustorium chalazien ou de l’hausto- 
rium micropylaire, pénètre même dans le 
funicule en longeant le faisceau vascu- 
laire et parvient jusque dans le placenta. 
Les lésions qui résultent de ces actions 
diverses se cicatrisent peu de temps avant 
la maturation complète de la graine (Fig. 
19). 

DÉVELOPPEMENT DE L’EMBRYON — Au 
proembryon bicellulaire (Fig. 20) fait 
suite une tétrade de la catégorie A, ( Fig. 
21). Par segmentation transversale des 
quadrants, obtenus à la troisième gé- 
nération (Fig. 22 à gauche), s’edifient 
deux étages d’octants ( Fig. 22 à droite ). 


G: 20 pour les Figs. 16 à 19, 290 pour les 


Les premiers éléments du dermatogène 
s'identifient à l’aide de parois verticales | 
dans les octants inférieurs, périclines dans | 
les octants supérieurs (Fig. 23). La 
cellule hypophysaire est fille supérieure 
de la cellule intermédiaire m de la tétrade. — 
Elle peut se cloisonner tout d’abord verti- 
calement (Fig. 24), mais la possibilité 
d'une production de parois horizontales, 
prenant appui sur les cloisons inférieures” 
des cellules du dermatogène, ne doit pas 
être exclue, si l'on tient compte de l'aspect 
ultérieur de certaines hypophyses ( Fig. 
26). Aussi bien par les caractères pré- 
cédents que par les stades ultérieurs de 
son développement (Fig. 27 et 28), 
l'embryon du C. bicolor se comporte con- 
formément au type du Capsella Bursa-pas- 
toris. Cependant, des anomalies, qui ne 
modifient en rien ses destinées, peuvent 
encore se produire au niveau de l’hypo- 
physe (Fig. 25). 

ConcLusions — Le développement de 
l'albumen chez le C. bicolor s'apparente 
étroitement à ce ui du Tetranema mexi- 
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canum. En effet, on assiste, dans les 
deux espèces, à une réduction de l’haus- 
torium chalazien qui, au lieu de comporter 
quatre cellules, comme celui des Verbas- 
cum, en compte une seule, mais binucléée. 
Cependant, l’haustorium micropylaire du 
Collinsia présente une particularité qui 
n'avait jamais encore été observée, à 
notre connaissance, chez les Scrofularia- 
cées: les quatre éléments qui le compo- 
sent initialement prennent assez souvent 
des cloisons transversales. Doit-on consi- 
dérer cette possibilité comme la survi- 
vance de ce qui se passait dans une forme 
ancestrale dont l’haustorium micropylaire 
aurait comporté régulièrement deux éta- 
ges de quatre cellules ? Si oui, les Ver- 
bascum ne nous révèlent pas, comme on 
le dit habituellement, les caractères les 
plus primitifs des albumens des Scrofula- 
riacées. Il n’est pas impossible que plu- 
sieurs lignes évolutives se soient dégagées 
d'un archétype commun à toute la famille 
et dont l’une aurait abouti aux Pseudo- 
solanées, tandis qu’une ou plusieurs autres 
auraient donné naissance aux genres que 
l'on groupe actuellement dans les Antir- 
rhinoïdées et les Rhinanthoïdées. Il est 
évident que des idées plus précises à ce 
sujet ne seront obtenues que grâce à une 
étude de plus en plus approfondie de 
l’embryologie des Scrofulariacées. 

Si le Collinsia, par son albumen, fait 
preuve d’un certain archaisme, il appa- 
raît également moins évolué par son 
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embryogénie que les autres Scrofularia- 
cées étudiées jusqu'ici: le cloisonnement 
de la cellule hypophysaire se fait, au moins 
souvent, à l’aide d’une paroi verticale. 

Enfin, l'extension corisidérable, que 
prennent les suçoirs micropylaire et chala- 
ziens émis par l’albumen, différencie en- 
core de façon remarquable le Collinsia 
des autres Chélonées dont l’embryologie 
nous est connue. Peut-être pourrait-on 
en trouver la cause, d’abord, dans la 
situation du sac embryonnaire, éloigné 
grandement du point d'arrivée des fais- 
ceaux nourriciers par les tissus situés face 
à la chalaze et qui prennent une épaisseur 
considérable. Ensuite, il est très vrai- 
semblable que c’est la forme particulière 
de l’ovule qui favorise la croissance ini- 
tiale de la région chalazienne et son en- 
richissement en substances de réserve. 
Pour assurer son développement, l’albu- 
men doit se rapprocher du point d’arrivee 
de la sève élaborée à l’aide de suçoirs 
volumineux, qui, en même temps, digè- 
rent les tissus, riches en substances nutri- 
tives, qu'ils rencontrent sur leur passage. 
Chez les Rhinanthoidees, par exemple 
chez les Melampyrum et les Rhinanthus, 
a une forme de l’ovule et de la graine 
comparable à celles du Collinsia bicolor, 
correspondent un accroissement de la 
région située à proximité de la chalaze 
et l'émission, par l’albumen, de suçoirs 
volumineux pénétrant parfois jusque dans 
le funicule. 
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MORPHOLOGICAL AND EMBRYOLOGICAL STUDIES IN 
THE FAMILY LORANTHACEAE — III. NUYTSIA 
FLORIBUNDA (LABILL.) R.BR. 


R. NARAYANA 
Department of Botany, Central College, Bangalore, India 


The monotypic Nuytsia floribunda 
( Labill.) R.Br. ( = Loranthus floribundus 
Labill.), commonly known as the Christ- 
mas tree, is 30 to 40 ft. high and endemic 
to West Australia. The name was coined 
in memory of H. P. Nuyts, who discovered 
the West Australian coast ( Nuytsland ) 
where this singular tree occurs. For a long 
time it was thought that Nuyisia is not 
parasitic, but Herbert (1918) showed it 
to be so and records that in rare cases 
one root may send a sucker into another 
root of the same plant. According to 
McKee (1952) it parasitises the roots of 
neighbouring plants and sometimes even 
root crops like carrot ( Ewart, 1930). 

A brief report on Nuytsia was published 
three years earlier (Narayana, 1955a); 
this paper gives a more detailed account. 


Material and Methods 


Through the courtesy of Miss A. M. 
Baird, material, fixed in formalin-acetic- 
alcohol, was obtained from Crawly, Perth 
and Canningta (West Australia). The 
styles were cleared in lactophenol and 
examined after splitting them longi- 
tudinally. Embryo sacs and proembryos 
in the stylar canal could be easily seen 
by this method. Acetocarmine smears 
of pollen mother cells and pollen grains 
were also tried. Sections were cut 5 to 20 
microns thick and stained with safranin 
and fast green. 


Observations 


FLORAL MORPHOLOGY — The sessile 
flowers are found in groups of three which 
are borne on a racemose inflorescence. 
Each group is a simple cyme (Fig. 1), 
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whose central flower is bisexual while the 
laterals are staminate and have only a 
Sometimes one of the lateral | 
The flowers are pen- | 
ta to septamerous, the hexamerous condi- | 
Each flower | 


pistillode. 
flowers is absent. 


tion being the most common. 
is subtended by a fleshy bract which is 


longer in the bisexual as compared to the | 


staminate flower. 


The perianth lobes are spathulate and | 


become reflexed in the open flower | 
(Fig. 1). Each lobe bears an epiphyllous 
stamen. The anthers are usually sterile 


due to insect attack. 

The ovary is inferior and syncarpous. 
That of the central flower is three-angled, 
while in the lateral flowers it is flattened 


and appears biconvex in a transverse | 
The calyculus is five- to seven- | 


section. 


toothed. There is a prominent swelling ! 
at the base of the style ( Fig. 11), which | 
may function as a nectary. The bisexual | 
flower has an ovarian cavity enclosing a 
trilobed mamelon, each lobe representing ! 


a greatly reduced ovule. 
hollow and erect style measures 12 to 18 
mm in length and terminates in a small 
stigma. 


The fleshy, | 


The pistillode of the unisexual | 


flower has no mamelon and is usually solid | 
although occasionally a small cavity may | 


be seen. 

The two lateral flowers wither away 
( Fig. 2), and the ovary of the central 
flower alone develops into a three-winged 
sub-drupaceous fruit ( Fig. 3). The three 
fleshy bracts cover the fruit excepting the 
wings which protrude outside. Some 
resin canals are found in the bracts and 
the fruit wall. 

VASCULAR ANATOMY OF THE FLOWER — 
The scheme of vascular supply is the same 
in the bisexual as well as the unisexual 
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Fies. 1-3 — (lf, gynoecium of lateral flower 
of cyme). Fig. 1. Cyme with open central 
flower. x 3. Fig. 2. Young fruit with the two 
pistillodes of lateral flowers drying out. x 3. 
Fig. 3. Old fruit. x 2. 


flowers. A septamerous bisexual flower 
( Fig. 4) is chosen as a type and a series 
of transections are presented in Figs. 5-13. 

The bract traces are given out from the 
stele of the peduncle far below the level of 
the flowers. Three groups of 7 bundles each 
are now formed (Fig. 5). The bundles 
left after the supply to the lateral flowers 
now divide ( Fig. 6) and 6 traces (marked 
b) are given out, of which the 3 situated 
opposite the angles of the ovary are much 
larger than the other 3 alternating with 
them (Figs. 7, 8). During their upward 
course one of them fades away and the 
remaining 5 supply the calyculus ( Figs. 9- 
11, 84). In the free part of the calyculus 
the traces anastomose freely (Fig. 11) 
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and their ends are associated with sclereids. 
The remaining bundles of the receptacle 
divide further and at the level of the 
collenchymatous tube they become 
arranged in two rings (Fig. 8). The 
outer ring consists of 7 large traces while 
the inner comprises about 21 smaller ones. 
The former enter the perianth, each 
bundle branching into three or five traces 
(Figs. 12, 13). Of the inner bundles, 
seven converge towards the centre 
( Figs. 9, 10); slightly higher up one of 
them usually fades away but the remain- 
ing 6 (or sometimes all 7) continue into 
the style ( Figs. 11-13 ) where they ramify 
further. The other bundles, about 14 in 
number, arrange themselves into 7 pairs 
and come to lie on the same radii as the 
outer perianth traces (Figs. 9, 10). 
Each pair enters a filament of the stamen 
where the two bundles fuse and the fused 
bundle continues into the anther con- 
nective ( Figs. 11-13 ). 

The vascular supply of a pentamerous 
or hexamerous flower is based on a corres- 
ponding plan instead of the septamerous 
plan described above. ‘ 

MICROSPOROGENESIS AND MALE GAME- 
TOPHYTE — The anther is composed of 4 
microsporangia (Fig. 14). The anther 
wall usually consists of 6 layers — the 
epidermis, endothecium, 1-2 middle layers 
and 1-2 layers of the tapetum. The 
development and the mode of dehis- 
cence of the microsporangium is similar 
to that of Lystana exocarpi ( Narayana, 
1958 ). 

The epidermis becomes greatly flattened 
but persists up to the dehiscence of the 
anther. As the anther matures, the cells 
of the endothecium elongate radially, 
become filled with a tannin-like substance 
and develop conspicuous fibrous thicken- 
ings (Fig. 15). The middle layers are 
ephemeral. The tapetal cells are uni- 
nucleate to start with, but later as many 
as 3-4 nuclei were counted in each cell 
(Fig. 16). Each nucleus is multinucleo- 
late. At the time the microspore wall 
becomes differentiated into exine and 
intine, the tapetal nuclei begin to fuse and 
some dull red globules appear in the 
cytoplasm. These globules persist on the 
inner wall of the endothecium even after 
the pollen has been liberated. 


Fics. 4-13 — Vascular anatomy of the flower (6, bundles for the calyculus; c, collenchymatous 


tube; ca, calyculus; /f, lateral flower; m, mamelon; 7, resin canals ). 


open. X 2. Figs. 5-13. 


The meiotic divisions in the microspore 
mother cells are simultaneous, resulting in 
tetrads of the tetrahedral and decussate 
type (Figs. 17, 18). Quadripartition is 
preceded by centripetal furrows in the 
cytoplasm of the tetranucleate mother cell. 

The microspores are usually 3-armed 
( Figs. 20-23 ) but sometimes 4 arms may 
be found (Fig. 19). The arms are bent 
toward the ventral side. The centrally 
situated nucleus divides to produce a large 
vegetative cell and an ovoid generative 


Fig. 4. Flower bud about to 


Serial transections of flower bud at levels indicated in Fig. 4. x 10. 


cell. The pollen grains are tricolpate and 
are set free while the flower bud is still 
unopened. Sterility of the pollen and the 
degeneration of even entire pollen sacs 
are common. The locules of adjacent 
sporangia do not become confluent but 
dehisce separately by longitudinal slits. 
MAMELON — The mamelon is three- 
lobed at the base ( Fig. 32). Its central 
axis consists of narrow and elongated 
parenchymatous cells which are sur- 
rounded by polygonal cells. The ovarian 


. 
| 
| 
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and male 
gametophyte. Fig. 14. T.s. anther before de- 
hiscence. x 21. Fig. 15. Part of the sporangium 
enlarged from Fig. 14 to show fibrous endothe- 
cium and pollen grains. Note the globules on 


Figs. 14-23 — Microsporogenesis 


the degenerating tapetum. x 214. Fig. 16. 
_ Tapetal cell enlarged. x 344. Figs. 17, 18. 
Tetrahedral and decussate tetrads. X 531. 


_ Fig. 19. Tetrad with 4-armed microspores. x 531. 


Figs. 20-22. Young microspores. x 531. Fig. 


_ 23. Two-celled pollen grain. x 531. 


cavity is 3-chambered at the base of the 
mamelon (Fig. 32) but shows a single 
canal in the upper part (Figs. 28-34). 
As the mamelon grows, its sides become 
greatly pressed to the ovary wall with the 
result that it is very difficult to distinguish 
them apart ( Figs. 31, 85). However, no 
fusion occurs as in Lysiana exocarpr 
( Narayana, 1958). The fully developed 
mamelon projects into the stylar canal up 
to about 1 mm ( Figs. 26, 42, 43 ). 

A significant feature is the presence of 
a vascular strand in the upper part of the 
mamelon (Figs. 25-28). At the mega- 
spore mother cell stage, some of the 
elongated parenchymatous cells of the 
mamelon become transformed into tra- 
cheids (Figs. 25-27). In older stages 
when the embryo sacs are elongating into 
the upper part of the mamelon and the 
stylar canal, a long and continuous 
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‘vascular strand, 2-3 cells thick ( Figs. 27, 


28), extends down from near the apex 
to more than half the length of the 
mamelon ( Fig. 27). The tracheids show 
annular thickenings. The vascular strand 
persists for quite a long time and can be 
distinguished in the degenerating mamelon 
up to the time of the formation of the 
composite endosperm. 
MEGASPOROGENESIS AND FEMALE GAME- 
TOPHYTE — À multicellular archesporium 
differentiates in each of the three basal 
lobes of the mamelon. The archesporial 
cells undergo further divisions to form a 
mass of sporogenous cells which elongate 
and function directly as megaspore mother 
cells. In a 6-mm bud the mother cell 
complex appears as a biconvex patch of 
tissue in each lobe and extends to about 
one-third the length of the mamelon ( Figs. 
29, 30). Each cell (Fig. 37) measures 
about 55 to 60 microns in length. Many of 
the mother cells situated towards the axis 
become arrested and degenerate. Meiotic 
divisions occur normally, resulting in the 


24-28 — Mamelon 
stylar canal; vs, vascular strand ). 
flower bud at megaspore mother cell stage. x 8. 
Fig. 25. Enlarged view of mamelon marked in 


(m, mamelon; sc, 
Fig. 24. L.s. 


Fics, 


Fig. 24 showing tracheidal cells. x 199. Fig. 
26. L.s. bud showing a strand of tracheids. x 8. 
Fig. 27. Upper part of mamelon from Fig. 26 
enlarged to show tracheids. x 199. Fig. 28. 
T.s. upper part of a mamelon showing tracheids. 


x 199 
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fcrmation of dyads (Fig. 38) and tetrads 
(Figs. 35, 36, 39, 40 ). The terminal 
megaspores of a tetrad are more elongated 
than the middle ones ( Fig. 40). 

Although all the 4 megaspores of a 
tetrad are potentially functional, not more 
than two develop into 2-nucleate gameto- 
phytes. Eventually only one grows to 
maturity. At this stage, the elongated 
cells, extending from the stalk of the 
mamelon to the base of the ovary, become 
conspicuously differentiated from the sur- 
rounding parenchymatous cells by their 
content of starch, and give the appearance 
of a column of tissue (Fig. 43). Later 
when the lower ends of the embryo sacs 
have entered this tissue and are nearing 
its base, the peripheral cells extending 
up to about half its height become thick- 
walled and constitute the familiar collen- 
chymatous tube (Figs. 56, 58, 64, 69) 
which persists even in the fruit ( Figs. 70- 
24:77). 

The elongation of the embryo sac starts 
at the 2-nucleate stage ( Fig. 41). Dueto 
wide-spread degeneration, all stages were 
not available. After the 2-nucleate stage 
the upper ends of the embryo sacs elongate 
more rapidly than the lower. The upper 
end, which now shows 2 nuclei, grows into 
the tip of the mamelon and then into the 
stylar canal ( Figs. 42, 45). The fate of 
the nuclei in the lower end is not quite 
clear. It is presumed that a 6-nucleate 
embryo sac precedes the regular 8-nucleate 
condition as in Macrosolen cochinchinensis 
( Maheshwari & Singh, 1952) and Lysiana 
exocarpt (Narayana, 1958). One 6- 
nucleate gametophyte was actually ob- 
served, but since its basal end was 
damaged, its contents could not be traced 
completely ( Figs. 43, 44). No antipodal 
cells could be seen probably because they 
are ephemeral, but the lower polar nucleus 
was seen near the basal end. The down- 
ward growth of the embryo sacs is even- 
tually checked by the collenchymatous 
tube, but sometimes when the latter is 
not well developed or is weak, they pierce 
through and extend beyond it. One such 
example is seen in Fig. 58. 

The narrow upper end of the embryo 
sac with the two nuclei, which are usually 
situated at a short distance from the tip 
( Figs. 45, 46, 80 ), continues to grow and 
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when it has reached the stylar canal 
the nuclei move up to the tip (Fig. 47) 
and divide ( Figs. 48, 81 ) to form a quartet 
which organizes into the egg apparatus 
and the upper polar nucleus. Usually the 
nuclei divide in such a way that their 
spindles are at right angles to one another 
( Figs. 48, 81). The two sister nuclei, 
derived from the upper nucleus, organize 
into the synergids while the other two 
constitute the egg and the upper polar 
nucleus. Rarely the divisions are non- 
synchronous as seen in Fig. 49. 

The synergids are hooked and have a 
filiform apparatus ( Figs. 50, 55). There 
is a prominent nucleus and a vacuole below 
it. Starch grains are also found occa- 
sionally. The synergids are ephemeral 
and degenerate before fertilization ( Fig. 
53). The upper part of the egg is pressed 
between the synergids while the lower free 
portion is rounded. 

The embryo sac is broad at the apex but 
becomes narrow below the level of the egg 
apparatus and continues as a slender tube 
into the collenchymatous pad of the ovary, 
where it again broadens out. A remark- 
able feature of the embryo sac is the 
development of a lateral caecum or haus- 
torium (Figs. 50-57, 82, 83) near the 
upper end which is sometimes branched 
(Fig. 53). It arises as a small blunt 
lateral protuberance at about the level of 
the egg apparatus and elongates into the 
stylar canal ( Figs. 56, 64, 82, 83), some- 
times it even penetrates the stylar tissue 
(Fig. 55). The caecum is usually without 
a nucleus, but cases like Figs. 51, 52, 55, 
82 are not rare. The presence of a lateral 
caecum or haustorium at the micropylar 
end is not so far known in the Loranthaceae 
but has been reported in the allied family 
Santalaceae, viz. Comandra ( Ram, 1957). 

The epidermis of the stylar canal and a 
few layers outside it are rich in starch 
(Fig. 46) and seem to form the chief 
source of nutrition for the growing embryo 
sacs. Eight to twelve embryo sacs may 
be present in the stylar canal with their 
egg apparatuses placed one above the 
other at different heights ( Figs. 56, 64). 
The topmost embryo sac is at about two- 
thirds the height of the style. It is 
observed that in the same style some of 
the embryo sacs have the egg apparatus 
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already organized, while others still show 
the two undivided nuclei of the 4-nucleate 
Stage. The maximum length of the 
embryo sac from top to bottom is 14 mm. 


. Some embryo sacs are arrested and do not 
enter the style at all. 
not be traced, but it is inferred that it 


Polar fusion could 


occurs in the upper part of the embryo 


sac, for the lower polar nucleus was seen 


at various heights. 


ENDOSPERM — The primary endosperm 
nucleus migrates into the lower end of the 


embryo sac which has plenty of reserve 


starch ( Figs. 65, 69). In early stages the 
endosperm shows 4 rows of cells ( Figs. 66- 
68), but as development proceeds, it 


becomes multiseriate and irregular. 


Normally endosperm formation pre- 
cedes the division of the zygote, but 


sometimes the reverse might happen. 


from the base upwards. 


Wall formation in the endosperm proceeds 
The basal 2-3 


tiers of cells have denser cytoplasm but 


usually degenerate early. Although as 
many as 16 embryo sacs were counted in 
the ovary ( Fig. 67), only 4-5 showed the 
development of the endosperm. The 
endosperms in the embryo sacs of an ovary 
continue to grow, invading the starchy 


tissue between them and ultimately fusing 
to form a composite mass which extends 


down the collenchymatous tube ( Figs. 70- 
27). 

EMBRYO — The first division of the 
zygote is vertical ( Fig. 59). Subsequent 
divisions are transverse (Figs. 60-63 ), 
resulting in a long biseriate proembryo. 
By the elongation of the suspensor cells, 
the proembryo is pushed down the entire 
length of the style ( Figs. 63, 64) into the 
ovary where endosperm formation has 
already taken place ( Figs. 69, 86). Three 
to five proembryos develop in the style and 
reach the ovary. When the proembryo 


»(Figs. 76, 78) 
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has reached the collenchymatous tube, 
the basal cells divide rapidly to form a 
mass of densely staining meristematic cells 
which give rise to the embryo and the 
secondary suspensor. In early stages, 
the suspensor is broader than the embryo 
proper (Figs. 70, 74, 88), but later it 
becomes greatly coiled and twisted and it 
appears as though the embryo is pulled 
up into the endosperm ( Fig. 77). 

From the basal globular mass are 
differentiated the three cotyledons and 
the plumule (Figs. 77-79). Although 
tricotyly is rare in the Loranthaceae, it 
seems to be the normal condition in 
Nuytsia. 

Two to three embryos develop up to the 
club-shaped stage in the same endosperm 
( Figs. 70-73, 75, 76, 87). Occasionally 
they fuse by their suspensor (Fig. 72). 
In some ovaries having two embryos, one 
showed reversed polarity ( Figs. 73, 87). 

Fruit — As the ovary develops into the 
fruit, the composite endosperm grows 
rapidly and consumes the surrounding 
parenchymatous cells until it reaches the 
vascular skeleton. The endosperm ap- 
pears triangular in transverse section 
and is devoid of the 
apical as well as basal teeth or prongs 
met with in Dendrophthoe falcata ( Singh, 
1952) and Lysiana exocarpi ( Narayana, 
1958). Histologically it consists of uni- 
nucleate, polygonal cells. The food re- 
serves are in the form of granular ovoid 
(staining red with safranin) bodies of 
unknown nature. 

Fig. 77 shows the embryo with well- 
developed cotyledons lying in the middle 
of the endosperm. Fully mature fruits 
were not available and it is quite like- 
ly that the radicular end of the em- 
bryo eventually projects above the endo- 
sperm as in some other members of the 


Fics. 41-49 — Female gametophyte (c, collenchymatous tissue; m, mamelon; sc, stylar canal; 


vs, vascular strand ). 


sac in mamelon. x 9. 
416. 


Fig. 41. Two-nucleate embryo sac. X 416. 


gating embryo sacs with two nuclei in their upper ends. x 28. ; I 
Fig. 44. Upper part of the embryo sac from Fig. 43 showing 6 nuclei. x 


Fig. 45. Diagram showing embryo sacs. in the stylar canal. x 28. 


Fig. 42. L.s. ovary showing elon- 
Fig. 43. Same, showing embryo 


Fig. 46. Enlarged view of 


the lowest embryo sac from Fig. 45, showing 2 nuclei slightly below the tip. x 416. Fig. 47. Tip 


of another embryo sac showing two nuclei. x 416. 


Fig. 48. Two nuclei in late anaphase, x 416. 


Fig. 49. Non-synchronous division of the two nuclei, x 416. 
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Fics. 50-58 — Embryo sac (c, collenchymatous tube; cae, caecum; m, mamelon). Fig. 
50. Upper end of an embryo sac showing the egg apparatus, upper polar nucleus and lateral caecum. 
x 222. Fig. 51. Same, showing upper polar nucleus near the caecum. x 222. Fig. 52. Upper polar 


nucleus in the caecum. x 222. Fig. 53. Branched caecum. x 222. Fig. 54. Longer caecum. x 222. | 
Fig. 56. L.s. gynoecium showing the height to which. 


Fig. 55. Caecum in the stylar tissue. x 222. 
embryo sacs elongate in stylar canal. x 7. Fig. 57. T.s..style showing embryo sacs in stylar canal. 
Note the caecum (reconstructed). x 222. Big) 58... LAS. ovary showing embryo sacs growing 
down beyond the collenchymatous tube, x 26, 
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Fies. 59-64 — Embryo (c, collenchymatous tube; emb, embryo; end, endosperm; pt, pollen 
ube). Fig. 59. First division of zygote. x 484. Figs. 60-62. Four-, 6-, and 12-celled proem- 
ryos. X 484. Fig. 63. Enlarged view of a part of the proembryo in the stylar canal ( stylar tissue 
Irawn on one side only). x 484, Fig. 64, L.s. gynoecium showing 3 proembryos in style. x 13. 


Figs. 65-69 — Endosperm ( 
Primary endosperm nucleus ) 
nucleus. x 222. Fig. 66. Young endosperm. x 222. 
of which two have formed endosperms. x 20. Fig. 68. Enlarged view of 
67; one of the embryo sacs shows a 4-rowed endosperm. x 222. 
ing proembryo in endosperm; embryo sac on left show 


c, collenchymatous tube; emb, embryo; 


end, endosperm; pen, 
+ Fig. 65. Lower part of embryo sac with t 


he primary endosperm 
Fig. 67. T.s. ovary showing 16 embryo sacs 
portion marked in Fig. 
Fig. 69. L.s. portion of ovary show- 
S primary endosperm nucleus, x 222. 
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Loranthaceae, viz. Dendrophthoe neelgher- 
rensis (Narayana, 1954, 1956) and Lysiana 
exocarpi ( Narayana, 1958). 

As there is no integument or the seed 
coat, the endosperm is directly surrounded 
by the pericarp which is laterally drawn 
out into the three wings ( Figs. 76, 78) 
opposite the lobes of the endosperm. The 
pericarp is devoid of hairs and is dis- 
tinguishable into 3 zones. The outer 
fleshy part consists of slightly thick-walled 
cells, some of which lying in the upper 
region differentiate into. sclereids. The 
vascular bundles, supplying the calyculus, 
pass through this zone. Next is the viscid 
zone which extends from the base to the 

“top of the fruit and appears as a dis- 
continuous layer in a transverse section 
( Fig. 78). The innermost vascular layer 
consists of small thin-walled parenchy- 
matous cells, through which pass the vas- 
cular bundles to the perianth, androecium 
and style. A few tannin-filled cells and 
sclereids appear in patches here and there. 


Discussion 


The family Loranthaceae is subdivided 
into the Loranthoideae and the Vis- 
coideae, depending mainly on the presence 
or absence of a calyculus, which is found 
below the perianth in the form of a small, 
shortly lobed or irregular rim. A caly- 
culus is, however, also known in some 
members of the Viscoideae, viz. Viscum 
articulatum and V. orientale ( Schaeppi & 
Steindl, 1945 ). 

Some authors regard the calyculus as a 
true calyx while others consider it to be 
a special organ. 

Eichler ( 1878) regarded it as an axial 
structure. This view was accepted by 
Engler & Krause (1935). Schaeppi & 
Steindl (1942) also expressed the same 
opinion. They state that in none of the 
Loranthoideae the calyculus is really 
calyx-like and emphasize that the lobing 
of the margin wherever present is always 
irregular. In all the genera studied by 
them, the calyculus was devoid of a 
vascular supply even though in Lepeos- 
tegeres and Macrosolen it reaches an ap- 
preciable size. 

In Nuytsia the fleshy, five- to seven- 
lobed calyculus has a definite vascular 
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supply, and seems to represent a true 
calyx, thus supporting the views of 
Roxburgh (1874), Bentham & Hooker 
(1883 ) and Danser ( 1931). 

A feature of great morphological interest 
is the presence of a vascular strand in the 
mamelon of Nuytsia and of isolated 
tracheids in the midst of the megaspore 
mother cells, tetrads, and embryo sacs in 
Dendrophthoe neelgherrensis (Narayana, 
1954, 1956). Tracheids have also been 
reported in the mamelon of Amyema 
miquelii (Dixit, 1954). In the Vis- 
coideae the mamelon does not show a 
vascular supply, but in Dendrophthora 
( York, 1913) a pad of tracheids dif- 
ferentiates in place of the collenchymatous 
pad. 

The free-central placentation is believed 
to be derived from the axile by the dis- 
solution of the septa ( Schaeppi, 1937). 
The vascular strands in the free-central 
placenta of the Primulaceae show an 
inverse arrangement of xylem and phloem 
and, therefore, correspond to the ventral 
bundles of the carpels. In those Pri- 
mulaceae, which bear only a few ovules, 
there is a simplification in the arrangement 
of the vascular bundles and there is only 
one central strand going to the placenta. 
This is similar to the organization of the 
placenta of the Santalaceae, where also one 
finds a single strand (Osyris — Schaeppi 
& Steindl, 1937; Thestwm — Schaeppi, 
1942). With further reduction of the 
placenta the vascular strand may lose its 
continuity with the main vascular supply 
(Rao, 1942). This, I believe, to be the 
case in Nuytsia. The vascular strand in 
its mamelon represents the vestige of the 
ventral bundles of a free-central placenta 
so that this genus is a sort of connecting 
link with the Santalaceae. Detailed in- 
vestigations of other members of the 
Santalales possessing a placenta may 
reveal the occurrence of a number of 
vascular strands and probaly also their 
connection with the vascular stele of the 
flower and thus give a further clue to the 
morphology of the gynoecium and the 
mamelon. 

On the basis of different types of 
mamelon, the members of the Loranthoi- 
deae can be classed under five types: 
(1) The ovary is completely chambered 


Figs. 70-79 — Fruit (c, collenchymatous tube; ca, calyculus; 
fc, fleshy coat; if, pistillode of a lateral flower; y, resinous duct; vi, 
Fig. 70. L.s. young fruit showing two club-shaped embryos. x 7. Fig. 71. Older Stage. x 7. . Fig. 
72. Young fruit with three embryos; two have partially fused. x 7. Fig. 73. Fruit with pistillode 
of a lateral flower on right. Of the two embryos the upper shows reversed polarity. x 7 N Biel 


emb, embryo; end, endosperm; 
viscid layer; vz, vascular zone). 


74. Two embryos, one degenerating. x 7. Fig. 75. T.s. young fruit (about the same age as Fig. 
70 ) showing two embryos. x 7. Fig. 76. T.s. fruit showing tri-radiate endosperm and two embryos. 


x 7. Fig. 77. L.s. nearly mature fruit. x 7. Fig. 78. T.s. fruit showing tricotyledonous condi- 
tion. x 7. Fig. 79. Embryo, enlarged from Fig. 77. x 26. 


Fics. 80-83 — Photomicrographs. FIG. 80. 
330. Fig. 81. Two nuclei in division. x 1140. Figs. 82, 83. Upper ends of embryo sacs in stylar 


canal showing caeca. x 340. 


(axile placentation ) and in each chamber 
there is a lobe of the mamelon (Lysiana 
exocarpi — Narayana, 1958); (2) The 
ovary is chambered only at the base and 


Upper 2 nuclei of a 6-nucleate embryo sac. X 


the mamelon is basally three-lobed 
( Nuytsia — present work; Macrosolen 
and Lepeostegeres — Schaeppi & Steindi, 
1942 ); (3) The mamelon is free and devoid 
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of any basal lobes ( Helicanthes elastica — Smart, 1952); (4) The mamelon is formed | 
Johri & Agrawal, 1954; Amyema gravis — as a consequence of the elongation of the 
Schaeppi & Steindl, 1942; Tupeia — megaspore mother cells and is not a true 


er 


f 


F1Gs. 84-88 — Photomicrographs ( emb, embryo; end S ‘ig 
S. aphs ; ; end, endosperm ). Fig. 84 i 
sexual flower showing vascular st x 7 NT a ndosperm ). Fig. 84. L.s. ovary of uni- 
sexua wer showing vascular supply to calyculus. x 22. Fig. 85. Portion of ovary showing mame 
eo FAR © N, a +. à \ No + 1 te = f 
lon at megaspore mother cell stage. x 74. Fig. 86. Proembryo entering endosperm. x 255. Figs 
87, 88. Young fruits; Fig. 87 shows two embryos of which the upper, not medianly 5 
TS 8 \ per, edianly cut, has a 
reversed polarity. x 23. 


92a 92b 93 94 


Fics. 89-94 — For description see the text. 


placenta ( Dendrophthoe neelgherrensis — 
Narayana, 1954; D. pentandra — Rauch, 
1936; Scurrula montana — Schaeppi & 
Steindl, 1942; Amyema congener, A. 
miquelü, A. preissii and A. pendula — 
Dixit, 1954; and Taxillus — Narayana, 
1955b ); (5) The mamelon is completely 
reduced and the ovarian cavity remains 
flat throughout ( Helixanthera — Mahesh- 
wari & Johri, 1950; Tapinanthus — 
Peinaar, 1952; Scurrula — Schaeppi & 
Steindl, 1942; and Dendrophthoe falcata — 
Singh, 1952). 

Starting from a hypothetical inferior 
ovary with axile placentation and a single 
ovule in each loculus ( Figs. 89a, 89b ), 
one may trace the disappearance of the 
integuments and the reduction of the 
ovules resulting in a condition similar to 
that in Lysiana exocarpi ( Narayana, 1958; 
Figs. 90a, 90b). With the elimination of 
the transverse septa at the top, there 
arises a condition similar to that in 
Nuytsia, Macrosolen and Lepeostegeres 
(Figs. 91a, 91b, 91c). Next the parti- 
tions disappear completely, the basal 
lobes become reduced and the placenta 
diminishes in size. This leads to the type 
seen in Helicanthes and Amyema gravis 
(Figs. 92a, 92b): Further reduction is 
seen in Dendrophthoe neelgherrensis, D. 
pentandra, Taxillus, Scurrula montana, 
Amyema miquelii, A. congener, A. press 
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and A. pendula (Fig. 93), where the 
mamelon is in the form of a small swelling 
only. Finally the placenta is completely 
suppressed as in Helixanthera and Tapinan- 
thus ( Fig. 94). 
_ Embryologically also Nuytsia is quite 
interesting. The embryo sacs elongate 
up to two-thirds the length of the style 
and the upper ends show the formation 
of the caeca. Regarding its systematic 
position Danser (1933) says: “ Engler 
first distinguishes Nuytsia from all other 
Loranthoideae. Nuyisia certainly isa very 
aberrant genus, but as it surely is not a 
primitive type of Loranthoideae, and as 
I prefer to place the genera appearing to be 
most primitive ones at the beginning, I 
have given Nuyisia another place in the 
system.” Further, “among the forms 
with unilocular ovary, I have placed 
Nuytsia, in spite of its aberrant characters, 
at the beginning, as by its cotyledons 
spreading during germination it shows 
resemblance with the Elytranthinae ”’. 

I am in agreement with Danser in 
placing Nuytsia after the tribe Ely- 
trantheae and before the Loranthae. 


Summary 


The vascular anatomy and embryology 
of Nuytsia floribunda have been studied. — 
The flowers are polygamous. The caly- 
culus is supplied with vascular bundles 
and is considered to be equivalent to a 
true calyx. 

The wall of the anther consists of the 
epidermis, endothecium, 1 to 2 middle 
layers and 1 to 2-layered tapetum, where 
cells are multinucleate. The adjacent 
locules of the anther do not fuse but 
dehisce separately when the bud is still 
unopened. Tetrahedral and decussate 
tetrads of microspores are formed. The 
pollen grain is 3-armed and is shed at the 
2-celled stage. 

The ovary is 3-chambered at the base 
and the mamelon is 3-lobed, each lobe 
representing a reduced ovule. The pre- 
sence of a vascular strand in the mamelon 
is a vestige of the ventral bundles of the 
carpels. 

A massive archesporium differentiates 
in each lobe of the mamelon. A parietal 
tissue is not formed and the sporogenous 
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cells function directly as megaspore mother 
cells. The megaspores are arranged in a 
linear row. A collenchymatous tube dif- 
ferentiates at the base of the mamelon. 
The embryo sac is 8-nucleate. Eight to 
twelve embryo sacs elongate upward and 
are seen one above the other at different 
levels in the style. A lateral caecum 
is formed in the upper end of the 
embryo sac. 

The endosperm is cellular. The ad- 
jacent endosperms of several embryo sacs 
fuse to form a composite endosperm. The 
mature endosperm is triangular as seen 
in a cross-section. 

The first division of the zygote is 
vertical. Further divisions are transverse, 
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resulting in a long biseriate proembryo. 
Three to five proembryos descend into the 
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REFLECTIONS ON THE UNITY OF THE 
EMBRYONIC TISSUES IN FERNS* 


C. W. WARDLAW 


Department of Botany, University of Manchester, Manchester, England 


Introduction 


Our knowledge of the long-term process 
of evolution is based on comparative 
morphological studies of living species and 
their fossil correlatives. In his classical 
phylogenetic investigations of the ferns, 
Bower referred to twelve criteria of com- 
parison, most of these relating to morpho- 
logical and anatomical features of the 
sporophyte, viz. its embryology, initial 
histological constitution, the external mor- 
phology and vascular anatomy of the 
shoot, the architecture and venation of the 
leaf, the dermal appendages, the position 
and structure of the sorus, sporangial 
and spore characters and the output of 
spores. Using these criteria, he was able 
to present a picture of the evolution of this 
important group (1923-1928). Although 
inevitably subject to criticism as new facts 
have come to light, e.g. from the cyto- 
logical investigations of Manton (1950 
et seg.), and the systematic studies of 
Copeland (1947), Holttum (1954) and 
others, some features of his phylo- 
genetic scheme seem likely to remain 
of permanent value, and it is certain 
that some of his more general reflections, 
e.g. his emphasis on the prevalence of 


evolutionary parallelism, i.e. of homo- 
logies of organization, in ferns, will con- 
tinue to interest and inspire workers in 
this field. 

It is evident, as indeed it was to Bower, 
that the several criteria can be studied 
from a different point of view, namely, 
that of the underlying causation. In each 
instance, where some characteristic mor- 
phological or anatomical feature is being 
considered, it may be asked: How does 
this specific form, or structure, come into 
being? What factors are primarily in- 
volved in its development? To answer 
these questions there must be investiga- 
tions of the genetical constitution and of 
the histological organization and poten- 
tialities for growth, differentiation, and 
development of embryonic cells, tissues 
and regions. Now, it is a fact that all the 
major sporophytic organs included in 
Bower’s criteria, and the meristematic 
tissues from which they originate, can be 
referred to the organization and morpho- 
genetic activity of the shoot apical meri- 
stem. Comprehensive morphological and 
experimental studies of this region, and 
of the organs and tissues formed from it, 
are therefore essential to more fundamen- 
tal causal concepts and investigations. 


*Being the substance of a paper given before Sect. K, British Association Advancement of 


Science, Glasgow, August 29, 1958. 
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Among other things, they are likely to 
extend and deepen our knowledge of the 
characters used in comparative studies. 
The development of the zygote presents 
its own special problems; but at a very 
early stage in embryogenesis, especially 
in leptosporangiate ferns, a nascent 
shoot apex is formed and continues to 
function throughout the life of the 
plant as the primary morphogenetic 
region. | 

During the phyletic period, with the 
earlier inspired observations of Nageli and 
others as a guide, botanists recognized the 
importance of the shoot apex and were 
profoundly interested in it. The em- 
phasis placed on particular aspects, how- 
ever, differed considerably from that of 
contemporary investigators. They were 
preoccupied with the nature and phylo- 
genetic interpretation of the ‘apical 
initials ’, i.e. whether there was a single 
“2-sided ’, ‘ 3-sided ’, or ‘ 4-sided ” apical 
cell, or whether several apical initials were 
present; and they paid close attention to 
the mode of segmentation of these initials 
and to the cell lineages derived from them, 
especially in relation to the inception of 
the different tissue systems. There can 
be no doubt as to the excellence of much 
of this observational work. In contem- 
porary morphogenesis it is recognized that 
the inception, nature, and histogenic 
activity of the apical cell (or cells) do 
indeed present very interesting and im- 
portant genetical, physical and physio- 
logical problems — still largely unsolved 
— but, as experimental studies have 
progressed, it has become increasingly 
clear that a more adequate understanding 
of the functional activities of the apex 
requires more broadly-based concepts. 
In its capacity for self-maintenance as the 
primary embryonic and morphogenetic 
region of the plant, the shoot apex, com- 
prising the distal apical meristem and the 
sub-apical region, is now recognized as an 
integrated whole, and as a region of very 
considerable complexity which functions 
in an orderly and characteristic manner 
because of its specific organization ( Ward- 
law, 1952, 1957). With these general 
observations before us, the unity of the 
embryonic tissues throughout the plant 
may now be considered. 
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Leaf and Bud Primordia 


The conspicuous histological features of 
a fern apex, e.g. that of Dryopteris sp., 
are the large apical cell and the super- 
ficial prism-shaped cells formed by the 
division of its segments. Together these 
constitute the apical meristem—the primary 
and persistent embryonic region of the 
axis from which originate leaves, buds, 
scales and the tissue systems. 

Leaf primordia always originate from 
the apical meristem. In Dryopfteris, a 
group of some 7-10 of the prism-shaped 
cells, situated near the base of the apical 
cone, together with the underlying cells 
derived from them, begins to grow more 
rapidly than the adjacent regions. The 
result is a small, oval outgrowth. As 
this primordial mound grows, the most 
centrally-placed superficial cell enlarges 
conspicuously and becomes the leaf apical 
cell, its lens shape and orientation being 
such that its segments are tangential to the 
shoot apex. The whole of the further 
primary development of the primordium 
is due to the growth and division of this 
cell and the marginal meristems formed 
from its segments. 

Buds, which on further growth give rise 
to lateral branches, may be induced at the 
apical meristem of leptosporangiate ferns, 
but they are not normally formed there. 
As can be readily demonstrated in ferns, 
such as Onoclea and Matteuccia, buds 
typically appear, in interfoliar positions, 
some distance below the apical meristem 
and in older regions of the axis. They 
originate from superficial areas of prism- 
shaped meristem cells which, at an earlier 
stage, formed part of the apical meristem. 
Incipient leaf and bud primordia are 
histologically identical, and, in fact, buds 
can be induced in leaf sites and vice versa. 
These observations are important from the 
causal standpoint and in relation to views 
on the origin and evolution of leaves and 
branches. 


The Further Development of 
Leaf Primordia 


By its formation of lateral segments, 
the *2-sided’ leaf apical cell gives rise 
to distinctive marginal meristems, these 
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having a histological organization generally 
comparable with that of the shoot apex; 
ie. the marginal meristem not only com- 
prises the marginal apical cells or initials, 
but also the subjacent organized meriste- 
matic tissue derived from them. In the 
small, oval, semi-circular or dichotomizing 
laminae of young sporophytes, the distal 
meristem loses its physiological dominance, 
lamina formation being largely due to the 
activity of the marginal meristems. In 
the elongating leaves of the adult plant, 
on the other hand, the distal apical meri- 
stem maintains its dominance until the 
primary phase of leaf formation ceases. 
In species with pinnate leaves, the mar- 
ginal meristems become interrupted in a 
regular manner by a parenchymatous 
development, the persisting groups of 
meristematic cells becoming the apices 
of the pinnae. Since the differentiation of 
the veins is also directly associated with 
the distal and marginal meristems, these 
meristems are primarily responsible for 
what Bower described as the ‘ architec- 
ture and venation of the leaf’. 


The Origin of the Sorus 


The position and structure of the sorus 
and related developments are among the 
most important of Bower’s criteria. In 
his phylogenetic reconstruction, two major 
lines of descent, referred to as the Mar- 
ginales and the Superficiales, are indicated. 
The former are held to be the more 
primitive, the sori originating in, and 
occupying at maturity, marginal or intra- 
marginal positions on the lamina; the 
latter, with sori disposed superficially on 
the under surface of the leaf, are regarded 
as more advanced. Not all investigators 
agree with this conception: contemporary 
trends are to include many of the ad- 
vanced members of both the Marginales 
and Superficiales in the Polypodiaceae, or 
otherwise to disregard Bower’s use of this 
criterion. Interesting light is shed on this 
matter when sori are examined from the 
causal standpoint, i.e. how and where they 
originate and how their inception affects 
the further growth of the fertile leaf. 

A sorus is usually described as having 
its origin in a placenta or receptacle. 
Neither term is particularly apt. If we 
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enquire what a receptacle is in relation to 
its origin, the answer is quite simple. 
It is a special kind of meristem, in fact, 
a fertile or sporogenous meristem, capable of 
forming characteristic organs, and ori- 
ginating from the organized marginal meri- 
stem as defined above ( Wardlaw, 1959 ). 
In ferns in which both young and mature 
sori occupy conspicuously marginal posi- 
tions, each overlying a vein-ending, 
these statements are evidently true: the 
discrete sorus results from a direct trans- 
formation of a group of the marginal 
initials and adjacent meristem cells. But 
even where the mature sori are conspi- 
cuously superficial, the incipient soral 
meristems can be traced to the marginal 
meristems. All soral meristems, in brief, 
originate there, the diversity in their 
eventual positions in different species being 
referable to the organization of the mar- 
ginal meristem and to growth relationships 
in it during and after the onset of the 
sporogenous phase. This is particularly 
evident in those ferns in which the fertile 
and vegetative leaves, or pinnae, are 
markedly different. The three main 
growth relationships may be briefly in- 
dicated as follows: 

(1) The marginal initials and closely 
associated meristem cells, at an early or 
at a later stage in the formation of the 
lamina, are transformed directly into a 
soral meristem, the marginal initial cell 
becoming the apical cell of the sorus, 
e.g. as in gradate species. The mature 
sorus 1s marginal. 

(2) A group of the sub-marginal meri- 
stem cells becomes the soral meristem. 
According to the extent to which the 
further marginal growth of the leaf is 
correlatively inhibited by soral develop- 
ment, the adult sorus may occupy a 
position close to the margin or more 
remote from it. The mature sorus 1s 
intra-marginal or super ficial. 

(3) The soral meristem originates as in 
(2) above but with no attendant, marked 
restriction of marginal growth. The de- 
velopment of the soral meristem may also 
be relatively delayed. In both circum- 
stances the result is a superficial sorus. 
The relevant histogenic details can be 
followed without undue difficulty in 
Dryopteroid and Blechnoid ferns. 
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Discussion 


Beginning with the concept that, in the 
evolution of the ferns, the marginal 
position of the sorus was probably the 
primitive condition, Bower attributed the 
superficial position to a “ phyletic slide ” 
of the sorus from the margin to the under- 
surface of the leaf. His evidence in- 
dicated that this process had probably 
taken ‚place independently in different 
lines of descent. These conclusions, based 
entirely on comparative studies, still seem 
valid; for, as indicated above, all sori are 
marginal in origin and many genetical 
changes, as we now know, involve changes 
in the relative rates of growth in conti- 
guous organs and tissues. From the 
standpoint of contemporary morphogene- 
sis, an important investigation would be 
to ascertain, in appropriate materials, how 
differences in genetical constitution affect 
metabolism and growth relationships in 
the marginal meristem and in the eventual 
position of the sorus. Some exceedingly 
interesting observations on changes in the 
relative position of the sorus, associated 
with changes in genetical constitution due 
to mutation and hybridization, have been 
reported by Andersson-Kottö (1929, 1938) 
and other workers: the differences recorded 
are evidently referable to changes in the 
allometric, or differential, growth pattern. 
The eventual position of the sorus depends 
on the nature of the correlative develop- 
ments in the leaf margin at the onset of the 
sporogenous phase. Other important re- 
gulated developments can also be referred 
directly or indirectly to the soral meristem, 
e.g. the formation and orientation of the 
indusium and the differentiation of loca- 
lized, receptacular vascular tissue. These 
several developments, in fact, exemplify 
relationships of the same general kind 
that are found at the shoot apical meri- 
stem; and in this connection the unity of 
origin of the several embryonic tissues 
may be recalled. 

While contemporary and future investi- 
gations of the embryonic regions of ferns 


will undoubtedly advance our knowledge 


of the process of development, it remains 
to be seen to what extent they will modify 
phylogenetic views based on comparative 
morphological investigations. The details 


| 
of Bower’s phylogenetic scheme, especially 
his treatment‘of the more recent, advanced 
groups, have already been criticized as a 
result of new cytological and taxonomic 
studies; e.g. genera, which Bower con- 
sidered to be closely related, have been 
shown by Manton ( 1950 et seg.) to have 
completely different basic chromosome 
numbers. But what of his more general 
conclusions, in particular those in which 
he emphasized the prevalence of parallel 
evolutionary development? The cyto- 
logical evidence cannot be gainsaid: it 
may be frankly recognized that some of 
Bower’s suggested phylogenetic relation- 
ships are not valid. But the similarities 
of form and structure on which he based 
his conclusions are real and call for expla- 
nation, perhaps even the more so because 
of the known differences in chromosome 
complements. As we have seen, most of 
the characters used in the comparative 
study of ferns can be referred to the 
organization, growth, and morphogenetic 
activity of primary embryonic regions, 
these being the initial, tangible expression 
of the genetical constitution. Using the 
contemporary idiom, we might say that 
gene-controlled biochemical factors are 
the primary determinants of Bower’s 
criteria. But is there anything really new 
in this? The same general idea is implicit 
in comparative morphology — Hofmeister 
stressed the over-riding importance of in- 
herent factors in all morphogenesis — and 
it is worth recalling that genes are only 
known from the biochemical or structural 
effects which they produce. The com- 
parative and causal approaches, in fact, 
are by no means as far apart as is some- 
times thought; and it remains to be seen 
how far Bower’s more general ideas on 
fern evolution will be modified by new 
investigations. 

There is a further important point. 
The form and structure of an organism 
cannot be attributed to the genetical 
constitution alone: other, extrinsic factors, 
such as those in the environment, and 
various physical relationships of a general 
kind which become incident during meta- 
bolism and growth, may be important 
proximate causes of formal and structural 
developments. Bower himself realized 
that causal enquiries, especially those 
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dealing with physical factors or mathe- 
‘matical relationships, might have dis- 
quieting effects on the value of his criteria, 
and therefore on phylogenetic theory. He 
showed, for example, that stelar elabo- 
ration in ferns — which in passing, we 
can now relate to the nutrition, size and 
‚activity of the apical meristem — goes 
hand in hand with an actual increase in 
size; and he noted, aphoristically, that 
to the extent that morphological and 
structural features can be attributed to 
extrinsic, i.e. non-genetical factors, so do 
they lose their value in phylesis, i.e. as 
evidence of change during descent. This, 
however, is a thesis on which a great deal 
‘more has yet to be done. There are 
indications that it may, indeed, become 
one of the most important topics in con- 
‘temporary biology, a view that is 
‘emphasized when one reflects on the 
humerous instances of close parallelisms 
of development, or homologies of organi- 
‘zation, in unrelated as well as in related 
organisms. Causal factors in morpho- 
genesis are not all of a kind: in addition 
to the genes, which may be described as 
causal factors which act with biochemical 
specificity, there are the many extrinsic 
factors and relationships of the kind that 
D’Arcy Thompson so elegantly expounded. 
The difficulty is that since organisms 
develop as integrated wholes, and since 
the zygote or spore from which develop- 
ment proceeds possesses specific organiza- 
tion, intrinsic and extrinsic factors are 
well nigh inseparable in practice; and the 
difficulty still remains even when we say, 
as indeed we must, that genetical factors 
are primary. Nevertheless, an attempt 
must be made to ascertain the distinctive 
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effects of the several kinds of morpho- 
genetic factors; for only by so doing can 
the essential feature of evolution, i.e. the 
evolution of genetical systems, or of 
organismal reaction system, be properly 
assessed. 

The general views, which have emerged 
from studies of the organization and 
activities of the meristems of ferns, seem 
likely to have a not less important appli- 
cation to seed plants. 


Summary 


The fern rhizome or shoot terminates 
distally in a conspicuous and well- 
organized apical meristem. The origin 
of the lateral members, leaves, buds and 
scales, can all be referred directly to the 
growth and morphogenetic activities of 
this meristem. In the development of 
the leaf, an apical initial cell, through its 
successive segmentations, contributes to 
the elongation of the leaf and gives rise 
to lateral, marginal meristems. The 
latter, together with the leaf apical cell, 
are responsible for the whole of the 
primary foliar development. In due 
course the leaves give rise to the repro- 
ductive members — the sori. These have 
their inception in special meristems, i.e. 
soral or sporogenous meristems; and it 
can be demonstrated that whatever the 
eventual position of the sorus on the leaf 
may be, i.e. marginal, intra-marginal or 
superficial, they all originate in the mar- 
ginal meristems. It can be seen, there- 
fore, that morphogenetic studies of ferns 
stand in a close relationship with the 
classical morphological investigations of 
the Phyletic Period. 
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PINUS WALLICHIANA JACK. 
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Department of Botany, University of Delhi, Delhi 8, India 


Introduction 


There are about 75 species of Pinus of 
which four grow naturally in India, viz. 
P. roxburghii Sar., P. wallichiana Jack., 
P. gerardiana Wall., and P. insularıs Endl. 
The first two occur both in the Western 
and Eastern Himalayas as also in the 
Nepal Himalayas (Fig. 1). Pinus in- 
sularis is confined only to the Eastern 
Himalayas, specially to the Khasi and 
Jaintia Hills, whereas P. gerardiana is 
restricted to certain localities in the 
Western Himalayas only. P. roxburghii 
is often cultivated in the plains as an 
ornamental. 

The pines are commercially very im- 
portant. The timber is used in the 


manufacture of furniture, paper pulp and 
The dry seeds of 
Some species 


‘deal’ of commerce. 
P. gerardiana are edible. 


yield resin and turpentine which are used 
in the paint and varnish industry. 


Previous Work 


The earlier embryological work has been 
reviewed by Ferguson ( 1904 ) in her com- 
prehensive monograph on the life history 
of Pinus strobus, P. rigida, P. austriaca, 
and P. resinosa. Cutting (1908) sum- 
marized the observations of different 
authors on the forms of the male gametes 
of pines and allied conifers. The seed coat 
of Pinus was studied by Quisumbing 
(1925) along with that of other gymno- 
sperms. Buchholz ( 1920, 1931) describ- 
ed the embryogeny. The life history of 
P. longifolia (now called P. roxburghit ) 
was studied by Sethi (1929). Though the 
work is not of a detailed nature, it is the 
only one on Indian pines till today. 


Scale ("= 250 miles 


I'Ic. 1 — Map showing distribution of Pinus wallichiana in India, 
328 
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Johri (1935) observed that in P. rox- 
burghii the pollen is shed at the four-celled 
and not at the three-celled stage as re- 
ported by Sethi (1929). Working on P. 
palustris, Mathews ( 1932) considered the 
tapetal tissue of the microsporangium to 
be derived from the sporogenous cells 
rather than from the wall layers. The 
cytology of fertilization has been investi- 
gated by Haupt ( 1941 ) and by McWilliam 
& Mergen (1958). Häkansson (1956) 
studied the seed development of Picea 
excelsa and Pinus sylvestris and found that 
although in the pine pollination occurs 
about one year earlier, in both the plants 
fertilization takes place near mid summer. 
Parthenocony ( development of the female 
cone without the development of viable 
seeds) has been noted by Ehrenberg & 
Simak (1957) in Pinus sylvestris. 


Material and Methods 


Collections of P. wallichiana were made 
from Mussoorie, Simla and Chakrata 
throughout the year, in formalin-acetic- 
alcohol. The male cones and the first 
year female cones were trimmed on oppo- 
site sides, but from the second and third 
year female cones the megasporophylls 
and later the ovules were separated out 
and then fixed. The material was im- 
bedded in paraffın in the usual way. 
Sections were cut 6-10 microns thick for 
the male cones and 10-12 microns for the 
female cones and the ovules. Both 
Delafield’s and Harris’ haematoxylin were 
used for staining. Safranin and fast green 
gave excellent results for the study of the 
seed coat. Dissection of embryos, free 
nuclear gametophytes and cellular game- 
tophytes were stained with acetocarmine, 
mounted in glycerine jelly or 10 per cent 
glycerine and sealed with canada balsam 
or a paste made of ethyl cellulose dissolved 
in toluene. 


External Morphology 


Commonly known as the ‘ Blue pine’, 
‘Bhutan pine’ or ‘ Himalayan pine ’, the 
plant was introduced into India by 
Lambert in 1824 (Biswas, 1933) and 
occurs in pure or mixed forests at eleva- 
tions of 6000-11,000 ft. from Garhwal, 
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through Jaunsar, the Simla Hill, Bashahr 
and Kulu to Chamba and Kashmir. In 
the Eastern Himalayas it is seen in North 
East Frontier Agency.* Banerji (1952) 
observed that this species sometimes 
descends down to 5,000 ft. It grows as 
pure forests or in association with Tsuga 
dumosa. Above 10,000 ft. it is associated 
with Abies spectabilis. Among the coni- 
fers the most important companion of the 
‘ blue pine ’ is the deodar ( Cedrus deodara ) 
with which it is frequently found between 
5,500 and 7,500 ft. At lower altitudes it 
is associated with Pinus roxburghit, 
Rhododendron arboreum, Cornus macrop- 
hylla, Aesculus indica and various species 
of Quercus (Troup, 1921). The tree ranges 
in height from 50 to 150 ft. and has a girth 
of 8-10 ft. The bark is thin, smooth and 
resinous in young trees but greyish-brown 
and superficially fissured in older ones. 
The branches are whorled and generally 
ascending, although this symmetry is lost 
in the older trees. The winter buds are 
long and cylindrical with numerous lance- 
shaped scales either free or matted with 
resin. The long shoot consists of (1) a 
basal portion covered by scale leaves 
bearing male cones in their axils and (2) 
the long upper portion bearing dwarf 
shoots and foliage leaves and ending in a 
terminal bud ( Fig. 2). The basal scale 
leaves are triangular but those above 
gradually become lanceolate with pointed 
apices ( Fig. 2). The shoot apices which 
are dormant in winter resume growth 
during the months of March-April and by 
September-October the needles attain 
their full size. The dwarf shoot is less 
than a millimeter in length and bears five 
needles, 12-20 cm in length. It arises in 
the axil of a scale leaf of the long shoot 
(Fig. 3) and is covered by spirally 
arranged cataphylls, 10-12 in number. 
The two outermost cataphylls, called pro- 
phylls, are more or less opposite to one 
another; the others are arranged in a 2/5 
phyllotaxy. The outermost are the 
smallest, and the innermost the largest. 
They have a prominent midrib and slightly 
fibrillar margin ( Figs. 4-12). The needles 


*Personal communication from Mr. R. S. 
Rao, Regional Botanist, Eastern Circle, Botan- 
ical Survey of India, Shillong, India. 
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Fics. 2-13 — (b, bud; c, cataphyll; ds, dwarf 
shoot; /s, long shoot; n, needle; pr, prophyll; 


sl, scale leaf). Fig. 2. A long shoot bearing 
dwarf skoots with needles. x 0:7. Fig. 3. A 
dwarf shoot with prophylls, cataphylls and five 
needles (leaves ). x 0:3. Figs. 4, 5. Prophylls 
enlarged. x 3. Figs. 6-12. Cataphylls enlarged. 
x 3. Fig. 13. A needle enlarged. x 0:7. 


are slender, triquetrous, ridged and 
minutely toothed with prominent apices 
(Fig. 13). The ridges are epidermal 
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projections between which the stomata 
are arranged in longitudinal rows. Those 
on the young shoots are more or less erect 
and point upwards while in the older shoots 
they are spreading and drooping. 

In Simla, Mussoorie and Chakrata, all of 
which have an altitude of approximately 
7,000 ft. and 80 in. of rainfall, the male 
cones are initiated towards the end of 
October or beginning of November. The 
shedding of the pollen grains starts to- 
wards the end of April and continues till 
the beginning of June, depending upon the 
altitude. The lower the altitude, the ear- 
lier the cones shed their pollen. The male 
cones appear in clusters of 15-35, each 
cone taking the place of a dwarf shoot 
( Fig. 14). At the time of shedding it has 
a spindle-shaped outline and varies from 
1:2 to 1-5 cm in length. At its base there 
is an involucre of 8-10 scales ( Figs. 15-18 ). 
The microsporophylls bear two micro- 
sporangia on its abaxial side. Its tip 
bends and extends upwards. The average 
length of a microsporophyll is 0-1-0-15 cm 
(Figs. 19-20). Initially the cones are 
green or reddish purple, but become 
yellow or dark brown at the time of shed- 
ding. After they have shed the pollen, 
their position can still be recognized from 
the needleless area on the long shoot and 
the small dry scales in whose axil the 
cones were borne. 

The female cones are initiated in the 
month of February and are protected by 
an involucre of bracts ( Fig. 22). The 
female cone replaces the terminal bud of a 
long shoot ( Fig. 21). In the beginning 
of April the cone axis elongates and the 
cone protrudes out of the envelop of 
scales. Originally the cones are pale green, 
but about the time of pollination the colour 
changes to reddish purple and finally to 
glaucous green or purplish. At this stage 
the average length of the cone is 1-5-2 cm 
and the diameter is 0-8 to 1 cm ( Figs. 22, 
23). After pollination (end of April 
to beginning of June) the cone closes. 
The seeds are shed only after about 22 
months from the time of initiation of the 
cone (Figs. 24-28). At the time of seed 
shedding the cones are approximately 20- 
24 cm in length and 3-5-6-5 cm in breadth. 

There are about 80-90 megasporophylls 
arranged spirally on the cone axis, Each 
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: megasporophyll or ovuliferous scale arises on its ventral side with the micropyle of 
‘in the axil of a bract scale and the two the ovule facing the cone axis. 

together constitute a single unit in the 
female cone ( Figs. 29-30). At maturity 
the bract scale appears as a small mem- 
branous structure. The large, fleshy MICROSPORANGIUM — Very young cones 
ovuliferous scale becomes hard and woody were not available. A collection made 
‚during later stages. It bears two ovules in the beginning of April showed two well 
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; i lum; 7 le cone; ms 

-30 — (bs, bract scale; fc, female cone; m, microsporangium; mc, ma ; 2 

kn. dar: o, ovule; os, ovuliferous scale; s, scale; w, wing). Fig. 14. a 

Boot ne cluster of male cones (May 14, 1957). x natural size. Figs. Er en yo 

of development of male cöne (Fig. 15. a ees een en es 
ig. 18. May 24, 1956 respectively). x 2. Fig. 19. y 

rg Note the suture of dehiscence. X 2. Fig. 3 eee, er ie x = PE 
hoot bearing second year female cones. x 3 natural size. Figs. 22, 23. : S pri 

Pri at ae ime of al ou ( April 19, 1958 ). Me eee oc er or 5 se 

ig. . May 26, ; Fig. A . 36; Fig. 5 a 

development of female cones ( Fig. 24 : Hae ae te 

i . Closed female cone prior to seed shedding pP 5 

1956). x $ natural size. Fig. 27. C Te nen na, 

3 natural size. Fig. 28. Open dry cone after seed shedding , ) 4 

ee ase Fig. 29. An adaxial view of megasporophyll bearing two ovules, x 2. Fig. 30, 

A lateral view of the same. X 2, 
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developed microsporangia, borne on the 
ventral surface of each microsporophyll. 
A cross-section of the microsporangium 
at this stage shows 3-4 wall layers and a 
mass of microspore mother cells preparing 
for reduction division ( Fig. 31). 

The epidermis consists of broadly 
elongated or isodiametric cells which 
undergo frequent anticlinal divisions. 
Their outer wall is cutinized and most of 
them are filled with a uniformly staining 
tannin-like material which persists even 
to the time of shedding. Only the cells, 
marking the line of dehiscence, are free 
from it. At the time the pollen grains are 
maturing, the cells become radially elon- 
gated and the tangential walls develop 
bands of thickening as in other gymno- 
sperms ( Fig. 34). Frequently the sub- 
epidermal layer is also filled with a homo- 
genously staining substance ( Figs. 31-35 ). 
The cells of the third layer become tangen- 
tially elongated and are the first to 
degenerate ( Figs. 35,36). The innermost 
wall layer is the tapetum. From the 
orientation and size of the cells it appears 
to be a derivative of the parietal layer 
although a more direct evidence is neces- 
sary. While the microspore mother cells 
are dividing, the tapetal cells can be 
distinguished from the rest of the wall 
layers by their prominent nuclei and 
dense cytoplasm. 

The cells of the wall layers have very 
scanty cytoplasm and relatively small 
nuclei. At about the tetrad stage, the 
tapetal cells become binucleate ( Fig. 32). 
Shortly after they begin to loose contact 
with each other and the intervening walls 
break down resulting in a continuous layer 
of cytoplasm ( Figs. 33, 34). The tapetum 
is consumed by the time the first and 
second prothallial cells have been cut off 
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( Figs. 35, 36). The cells of the third wall 
layer degenerate even earlier and those of 
the subepidermal layer are consumed just 
before the pollen grains are mature. 

The microspore mother cells are poly- 
gonal in shape, each with vacuolated cyto- 
plasm and a prominent nucleus almost 
filling the entire cell. During meiosis the 
cytoplasm of the microspore mother cells 
rounds up and a special mucilaginous wall 
is secreted. The middle lamella dissolves 
and the cells separate from each other. 
No wall formation takes place after the 
first reduction division. Quadripartition 
takes place by constriction furrows which 
start from the periphery of the mother cell 
and proceed inwards. The tetrads are 
tetrahedral or isobilateral ( Figs. 42, 43 ). 

MALE GAMETOPHYTE— Collections made 
in the first week of May or slightly 
earlier showed the young microspores 
coming out of the original wall and sepa- 
rating from each other. The pollen grain 
soon develops two extensions of the exine 
which form the two wings ( Fig. 44). It is 
heteropolar, and radiosymmetric and con- 
sists of a body or ‘ corpus ’ and the air sacs 
or ‘sacci’. The aperture or ‘ tenuitas ’ is 
distal. The non-saccate part of the exine 
is further subdivided into a comparatively 
thick sexine and a thin nexine ( Erdtman, 
1957). The sacci are separated from the 
corpus by the saccale nexine. Measure- 
ments of some mature pollen grains in- 
dicated the following mean dimensions 
of the corpus: height — 52 microns and 
breadth— 67 microns. The height of the 
sacci is 20 microns, breadth 65 microns, 
and depth 24 microns. 

The microspore nucleus which generally 
lies towards the distal end divides ( Fig. 
45) to form two cells. The small lenti- 
cular cell cut off towards the cappula is 
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Figs. 31-36 — (epi, epidermis; mmc, microspore mother cell: pg, pollen grain; {, tapetum; 


th, thickening; w/, wall layers). 


stage. 


| Fig. 31. T.s. microsporangium showing epidermis, two wall 
layers, tapetum and microspore mother cells ( April 5, 1956). x 300. 


Fig. 32. Same; advanced 


Note binucleate tapetal cells and tetrads (May 14, 1957). x 300. Fig. 33 A further 


stage of development with inner wall layer and tapetum more or less degenerating, young pollen 


grains can be seen ( May 16, 1957). x 300. Fi 


g. 34. Same; epidermis with well developed fibrous 


thickenings and pollen grains at two-celled stage (May +21, 1957 ). x 300. Fig. 35. Pollen grains 


with two degenerating prothallial cells (May 21, 1957 ). 


of shedding (May 21, 1957). x 300, 


x 300. Fig. 36, Pollen grains at the time 


Fics. 31-36. 
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the first prothallial cell (Figs. 46, 47). 
This soon degenerates. The next division 
cuts off the second prothallial cell which 
is similar to or at times slightly smaller 
than the first ( Figs. 48, 49). By the 


time the third mitosis occurs in the central 
cell nucleus the second prothallial cell also 
degenerates and the two are merely seen 


Fics. 37-50 — (ac, antheridial cell; ca, cap- 
pa; cu, cappula; ?,, first prothallial cell; 2,, 
second prothallial cell; s, saccus; tn, tube nu- 
cleus). Fig. 37. Microspore mother cell (April 
5, 1956 ). x 600. Figs. 38-41. Stages in division 
of the microspore mother cell ( April 5, 1956 ). 
x 600. Figs. 42, 43. Isobilateral and tetra- 
hedral tetrads (May 14, 1957). x 600. Fig. 
44. A young uninucleate pollen grain (May 16, 
1957). x 300. Fig. 45. A fully grown uni- 
nucleate pollen grain (May 18, 1956). x 300. 
Figs. 46-49. Stages in the development of male 
gametophyte ( May 21, 1956). x 300. Fig. 50. 
Pollen grain at the time of shedding (May 21, 
1957). x 300, 
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as dark streaks at the distal end of pollen 
grain (Fig. 50). The third division re- 
sults in the formation of a generative cell 
towards the cappula and an ovoid tube 
nucleus towards the tenuitas. The tube 
nucleus is always larger and contains 
looser chromatin. The pollen is shed at 
the four-celled stage from the fourth week 
of April to the beginning of June ( Fig. 50). 
Pollination is effected by wind and the 
amount of pollen produced per tree is 
enormous though only a few pollen grains 
reach the pollen chamber and develop 
further. Later development takes place 
only on the nucellus. 

MEGASPORANGIUM — The megasporan- 
gium consists of a broad nucellus which is 
free from the integument except at the 
chalazal end. However, with the growth 
of the chalaza, only the apical part of the 
nucellus remains free. The micropylar 
canal is long and broadens at the apical 
end. Prior to pollination, it has a funnel- 
shaped opening with two prong-like lateral 
extensions. There is no vascular supply 
to the ovule though the bract and the 
ovuliferous scales are supplied with bundles. 

At the time of pollination the nucellus 
shows greater growth at the periphery, 
resulting in the formation of a depression 
in the centre. This serves as a pollen 
chamber though this is not comparable 
to that of the Cycadales and Ginkgo. As 
already stated, the ovuliferous scales are 
quite apart from one another at the time 
of pollination. The pollen is caught by 
the pollination drop and drawn in to the 
nucellus. At this stage the integument is 
four to five-layered. Soon after the pollen 
grains reach the nucellus, the micropyle 
closes due to a rapid division and enlarge- 
ment of the cells of the inner layer of the 
integument. The upper part of the in- 
tegument gradually dries up. A deep- 
seated megaspore mother cell ( Figs. 51, 
52 ) is seen in the collections made in the 
first and the second week of May. It has 
dense cytoplasm and a large nucleus. 
The spongy tissue becomes prominent at 
the time of division of the megaspore 
mother cell ( Figs. 53-55 ) and completely 
surrounds the functional megaspore. It 
consists of two to five layers of cells, 
distinguishable by their larger nuclei and 
denser cytoplasm, 
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The megaspore mother cell divides by a 
transverse wall resulting in a dyad ( Fig. 
56). The lower cell of the dyad usually 
divides to form two cells resulting in the 
formation of a row of three cells. The 
two upper cells degenerate while the lower 
functions indicating that the development 
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is monosporic. A regular tetrad has been 
noted in another Indian species, Pinus 
roxburghii (Konar, unpublished) and in 
P. laricio ( Chamberlain, 1899 ). 

FEMALE GAMETOPHYTE — The func- 
tional megaspore undergoes a few free 
nuclear divisions before undergoing the 


Fics. 51-62 — Fig. 51. L.s. megasporophyll showing unitegmic ovule ( April 4, 1955). x 46. 


Fig. 52. A megaspore mother cell enlarged ( April 4, 1955 ). 


x 346. Figs. 53-55. Stages in the divi- 


sion of the megaspore mother cell ( Fig. 53. May 21, 1957; Fig. 54. April 21, 1955; and Fig. 55. 


May 16, 1956). 
x 346. é 
nuclear gametophytes ( April 12, 1957 ). 


x 346. 


above x 346. 


Fig. 56. Dyad ( May 26, 1957). x 346. 
Fig. 58. 4-nucleate female gametophyte ( June 12, 1955). x 346. 
Fig. 59. X 46. 
showing wall formation by alveoli (May 15, 1957). x 46. 


Fig. 57. Triad ( May 26, 1957). 
Figs. 59, 60. Free- 
Fig. 60.x 346. Fig. 61. L.s. gametophyte 
Fig. 62. Portion ‘A’ enlarged from 
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period of rest. The pollen tube grows 
into the nucellus for some time and then 
swells at its tip and becomes dormant 
( Figs. 69-71). 

As the gametophyte starts developing 
in the following spring, the inner layers of 
the spongy tissue are gradually absorbed 
and are completely used up by the time 
the archegonia are mature. The spongy 
tissue evidently serves as a source of 
nutrition for the developing gameto- 
phyte. 

The nuclei of the female gametophyte 
attain a peripheral position due to the 
formation of a central vacuole. Later 
the gametophyte is entirely filled up with 
free nuclei ( Figs. 59, 60). There is also 
a gradual accumulation of reserve food 
materials in the gametophyte. 

Wall formation takes place in the second 
week of May by the formation of a number 
of alveoli which grow centripetally. 
Nuclear divisions followed by cross walls 
result in an increase in the number of 
cells ( Figs. 61, 62). 

The archegonial initials appear in the 
first week of May. One or two epidermal 
cells at the micropylar end of the gameto- 
phyte become differentiated from the ad- 
jacent cells by their prominent nuclei, 
larger size and vacuolated cytoplasm. 
In a collection of May 15, the archegonia 
showed a layer of jacket cells with pro- 
minent nuclei ( Fig. 63). The nucleus of 
the archegonial initial comes to lie to- 
wards the upper end of the cell. The first 
division is followed by a transverse wall 
giving rise to the primary neck cell and 
the central cell ( Fig. 64). The neck cell 
divides by two vertical walls at right 
angles to each other resulting in four cells, 
which lie in a single tier. The central 
cell enlarges rapidly ( Fig. 65) but as there 
is no corresponding increase in the amount 
of cytoplasm, numerous vacuoles are 
formed. Later the vacuoles tend to dis- 
appear and the cytoplasm becomes denser. 
Small globular structures appear, which 
look like the nuclei and occur singly or in 
groups of two or three. These are called 
proteid vacuoles or ‘paranuclei’. The 
jacket cells surround the archegonium 
except in the neck region. Their nuclei 
are very prominent and contain a number 
of nucleoli. The nucleus of the central 
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cell divides to form two nuclei separated 
by a phragmoplast. The wall laid down 
between them separates a small, lenticular 
ventral canal cell from the large egg cell 
(Fig. 66). The ventral canal cell soon 
degenerates and only its remnants can be 
seen (Figs. 67, 68). The egg nucleus 
migrates towards the centre. While doing 
so it greatly increases in size and the 
spindle fibres persist even up to the stage 
of fertilization ( Figs. 67, 68 ). 

RENEWED ACTIVITY OF THE MALE 
GAMETOPHYTE — The pollen tube resumes 
its growth towards the end of February. 
At this time the nucellar cells also show 
rapid growth. The nucellar tip containing 
the pollen tubes becomes much larger but 
retains its conical outline. The sheath of 
the stalk nucleus is not easily distinguish- 
able from the general cytoplasm of the 
pollen tube. The division of the body 
cell to form the two sperm nuclei takes 
place in the month of April when the 
female gametophyte is still free nuclear 
( Figs. 72-75). However, in a few cases 
the body cell had not divided, although 
the ovules already showed well formed 
archegonia ( Figs. 76, 77). In one ovule 
the division of the body cell had 
synchronized with the maturation of the 
archegonia (Figs. 78, 79). The male 
nuclei are surrounded by a common mass 
of cytoplasm. Initially, they are more or 
less equal in size ( Fig. 73), but as they 
move down, the difference in size becomes 
appreciable, the larger of the two nuclei 
being ahead of the smaller ( Figs. 80, 81 ). 
The cytoplasm around the nuclei is much 
denser and also contains numerous starch 
grains. Generally the tube nucleus lies 
at the tip of the pollen tube followed by 
the stalk cell and the two sperm nuclei 
( Figs. 82-88). At the time of pollination 
the nucellus has a broad tip composed of 
uniform cells, but after the pollen tubes 
start growing into it, the nucellus becomes 
differentiated into two distinct zones. 
The cells of the upper zone elongate and 
become cutinized while those of the lower 
divide to form smaller cells which are thin- 
walled. At the time of maturation and 
division of the body cell there is a great 
accumulation of starch grains in the 
nucellus which serves as a source of 
nutrition for the growing pollen tubes. 
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A long interval of nearly one year FERTILIZATION — The pollen tube 
elapses between pollination and fertiliza- makes its way between the neck cells. 
tion, pollination taking place in the middle Both the sperm nuclei along with the tube 
of May and fertilization in the later part nucleus, stalk cell, numerous starch grains 
of May of the following year. and cytoplasm are released inside the 
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: ; ri k initial; vec, ventral 

-68 — (cc, central cell; ec, egg cell; nc, neck cell; pn, primary nec 5.000, 
an M in a An archegonial ical with als Ne ee pea 
. Fig. 64. Archegonium with primary neck initial and cer SE : 
re af nes alien en with 2 neck cells and a central cell ( Ho RE ) = us 
Fig 66 L.s. archegonium showing division of central cell (May 23, a “ae an Ce oe 
Same showing enlargement and migration of egg towards the centre ( Fig. 67. 7 PP, $ 


Fig. 68. May 23, 1956). X 178. 


Fics. 69-81 — (ac, antheridial cell; ar, archegonium; bc, body cell; m,, first male nucleus; | 
Ma, second male nucleus; pg, pollen grain; pt, pollen tube; sc, stalk cell; tz, tube nucleus )-) Bigg 
69. L.s. ovule after pollination (May 13, 1957). x 30. Fig. 70. Same, showing germination | 
of the pollen grain on the nucellus (May 26, 1957). x 30. Fig. 71. Germinated pollen grain | 
from Fig. 70 enlarged (May 26, 1957 ). x 240. Fig. 72. Nucellus bearing pollen tube with 2 male | 
nuclei, tube nucleus and the stalk cell. x 30. Fig. 73. Pollen tube enlarged to show nuclear | 
complements ( Figs. 72, 73. May 15, 1957). x 125. Fig. 74. L.s. nucellus and gametophyte showing 
pollen tube and archegonial initial. x 30. Fig. 75. Pollen tube enlarged from Fig. 74 (May 15, | 
1957). x 125. Fig. 76. L.s. part of the ovule showing pollen tube with body cell, tube nucleus | 
and stalk cell. x 30. Fig. 77. A portion of the pollen tube enlarged ( May 23, 1955 JAP EEE | 
78. L.s. ovule at archegonial stage showing the division of the body cell in the pollen tube (May | 
23, 1955). X 30. Fig. 79. Pollen tube enlarged. X 125. Fig. 80. Further development in the | 
course of the pollen tube (May 23, 1955 ). x 30. Fig. 8h Part of the pollen tube enlarged to show | 
2 unequal male nuclei enveloped in common mass of cytoplasm, stalk cell and tube nucleus, | 


125. 


Fics. 82-94 — (ec, egg cell; m,, first male nucleus; m3, second male nucleus; sc, stalk cell; tn, 
tube nucleus). Figs. 82, 84, 87, 89, 91 and 93 ( x 35) are the index figures of Figs. 83, 85, 88, 
90, 92 and 94 ( x 130). (Figs. 82, 83. May 23, 1955; Figs. 84, 85. May 17, 1957; Figs. 87, 88. 
May 17, 1957). Figs. 83, 85, 88. Unequal male nuclei in the pollen tubes, stalk and tube nuclei 
are also present. Fig. 86. Several pollen tubes growing down through the nucellus. All of them 
show well developed male nuclei (May 12, 1957). x 35. Fig. 90. Pollen tube entering the neck 
of the archegonium ( May 17, 1957). x 130. Figs. 92 and 94. Stages in the fusion of one of the male 
nuclei with the egg (May 22, 1955). x 130. 
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archegonium. The larger of the two male 
gametes proceeds towards the egg nucleus, 
while the smaller along with the stalk 
nucleus generally remains in the upper 
part of the archegonium and ultimately 
disintegrates (Figs. 89-92). The func- 
tional sperm nucleus becomes pressed 
against the egg nucleus ( Figs. 93, 94 ). 

EMBRYOGENY — The nucleus of the 
zygote occupies a central position. During 
its division the spindle is oblique ( Figs. 
95-98). The two daughter nuclei enlarge 
and undergo the second division resulting 
in four embryonal nuclei ( Figs. 99-106), 
which migrate towards the chalazal end of 
the archegonium ( Figs. 107,108 ), with the 
remnants of the spindle fibres persisting 
around them for some time. Meanwhile 
the paranuclei disappear, at first those at 
the periphery and then the ones in the 
centre of the archegonium. 

The four proembryonal nuclei divide 
simultaneously, resulting in eight nuclei 
arranged in two tiers of four cells each. 
The uppermost tier lacks cell wall to- 
wards the neck side and is known as the 
open tier ( Figs. 109, 110). The para- 
nuclei are normally not visible after this 
stage and the general cytoplasm of the egg 
again becomes vacuolated. 

The next division occurs in the upper 
tier (Figs. 111, 112) resulting in three 
tiers of cells. After the fourth division 
in the lowest tier there are four tiers of 
four cells each ( Figs. 113-116): the open, 
rosette, suspensor and embryonal tiers 
( Figs. 117, 118). The nuclei of the open 
tier degenerate soon after the cells of the 
suspensor tier start elongating. The cells 
of the rosette tier divide obliquely once or 
twice forming rosette cells (Fig. 119). 
However, no rosette embryos are formed 
in this species. At this stage the upper 
part of the archegonium is nearly devoid 
of any contents and the tip of the open 
tier as well as the archegonial membrane 
form a sort of cutinized plug. The cells 
of the suspensor tier elongate to form the 
so-called primary suspensors which push 
the four embryonal cells into the female 
gametophyte. Each of the embryonal 
cells cuts off two cells followed by a third 
cell, all of which go to form the secondary 
suspensors or embryonal tubes. This pro- 
cess may continue until there are three or 
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more embryonal tubes in linear sequence, | 
all adding to the length of the suspensor. 
After the secondary suspensors have been | 
formed, the apical cells separate from each || 


other resulting in four groups (Fig. 119). 
There is no difference between the primary 


and secondary suspensors excepting their 


mode of origin. Since the elongation of 


the primary and secondary suspensors | 
proceeds at a quicker rate than the dis- 
solution of the gametophytic tissues near | 
the apex of the embryo, the suspensors | 


become greatly coiled and twisted. 


The embryonal cells undergo many | 
Soon | 
there is a variation in the size of the | 
different embryos ( Figs. 117-127). Usual- | 
ly the more deep-seated of the proembryos | 


divisions to form a mass of cells. 


or the one in the median position grows 
faster than the others. The arrested 
embryos can be seen at different levels 
behind it ( Fig. 130). 
meristematic zones appear in the pro- 
embryo — a proximal and a distal. 
cells in the proximal region give rise to a 


massive root cap and the root tip ( Figs. | 
The cells of the distal region | 
divide to form the hypocotyl, shoot apex | 
The | 


128, 129). 


and cotyledons (Figs. 131-136). 
peripheral region of the root cap is dis- 
tinguished by a markedly different orien- 
tation of its cells. The hypocotyl-shoot 


axis consists of a homogenous mass of | 


cells. 

The cotyledonary primordia enlarge to 
a considerable size and each is supplied 
with a provascular strand. The coty- 
ledons vary in number from eight to 
eleven and surround the growing tip 
( Figs. 137-139). 


suspensor system is pushed up and is seen 
as a dry mass above the root cap. The 


gametophyte is gorged with food materials, | 


mostly fat and starch. 


SEED Coat — In the young ovule the | 
integument consists of three layers of | 
But by the time the megaspore | 
mother cell starts dividing, it becomes six | 
Excepting | 
the epidermis and the hypodermis, the | 
cells of the remaining layers are isodia- | 
metric with rich cytoplasm and prominent | 
nuclei and many of them also contain 


cells. 


to seven-layered ( Fig. 140). 


tannin. 


Later two: distinct | 


The | 


Sometimes the coty- | 
ledons are twisted. By this time the | 


Fics. 95-118 — (et, embryonal tier; of, open tier; rt, rosette tier; sf, suspensor tier). Figs. 
95, 97, 99, 101, 103, 105, 107, 108, 111, 113, 115, 117 are the index figures of Figs. 96, 98, 100, 102, 
104, 106, 109, 110, 112, 114, 116, and 118 respectively. x 35. Figs. 96, 98, 100, 102, 104, 106. 
Stages in the first and second mitotic divisions in the zygote resulting in 4 free nuclei ( Fig. 96. 
May 16, 1956; Fig. 98. May 17, 1957; Fig. 100. May 17, 1957; Fig. 102. May 23, 1955; Fig. 104. 
May 12, 1957; Fig. 106. May 17, 1957). x 130. Fig. 108. Migration and subsequent enlargement 
of the four free proembryonal nuclei towards the base of the archegonium (May 7, 1956). x 130. 
Fig. 110. L.s. basal part of the archegonium enlarged to show two tiers of cells ( June 9, 1955). x 
130. Fig. 112. Basal part of the archegonium enlarged to show division of upper tier. Fig. 114. 
Advanced stage of the same with 3 tiers of cells ( July 5, 1955 ). x 130. Fig. 116. Further develop- 
ment showing lowermost tier in late telophase (May 16, 1956 ). x 130. Fig. 118. L.s. basal part 
of the archegonium showing four tiers of cells, viz. embryonal, suspensor, rosette and open tier 


respectively from base upwards ( July 16, 1956). x 130. 
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Fics. 119-139 — (cot, cotyledon; hp, hypocotyl; pe, procambium : pe, proembryo; ps, primary | 
Suspensor, va, root apex; yc, root cap; rt, rosette tier; sa, shoot apex; ss, secondary suspensor ). | 
Fig. 119. Proembryos with primary and secondary suspensors and rosette tier ( June 13, 1956). 
x 35. Figs. 120-127. Various stages in the development of the proembryo ( Figs. 120-123. June 
13, 1956; Figs. 124-127. June 21, 1955 wwe TSO ME es DS MONS: embryo showing differentiation | 
of root cap, root apex, shoot apex and cotyledons (October 26, 1955). x 11. Figs. 130-136. | 
Various stages of embryos showing further development ( October 26, 1955 ). Bigs. 130, 131, 1324 
183 1856 Figs. 134, 136050 11 Figs. 137-139. T.s. embryo at different regions showing | 
provascular strand and ten cotyledons (October 26, 1955). x 35. | 
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After pollination the outer and inner 
layers of cells divide anticlinally as well 
as periclinally, resulting in the formation 
of ten to twelve layers (Fig. 141). The 
integument then differentiates into three 
zones known as the outer fleshy, middle 
stony and inner fleshy ( Fig. 142 ). 

The outer fleshy zone, which consists of 
four rows of cells at the archegonial stage 
of the ovule, becomes seven to eight- 
layered (Fig. 143). The outer two to 
three layers become filled up with some 


Fics. 140-144 — (if, inner fleshy layer; t 
Fig. 140. Es Æseed a showing 6-7 layers of cells in the integument (May 13, 1957). x 220. 


Fig. 141. L.s. seed coat at free-nuclear stage of 


layers of cells (May 15, 1957). x 220. Fig. 142. 


gametophyte. 
L.s. seed coat at the stage of archegonium showing 


shining granular material. At the shed- 
ding stage of the seed these cells become 
rounded with very vacuolated cytoplasm 
and shrunken nuclei. 

The middle stony zone begins to dif- 
ferentiate when the ovule is at the arche- 
gonial stage. At maturity it comprises of 
eighteen to twenty layers of pitted cells, 
though this number varies considerably 
being larger in the micropylar region 
and smaller at the sides. The outermost 


layer of this zone shows some shining 
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ms, middle stony layer; of, outer fleshy layer ). 


The integument comprises 10-12 


differentiation of 3 layers of integument, viz. outer fleshy, middle stony and inner fleshy ( May 


23, 1955). x 220. Fig. 143. L.s. seed coat sho 
layer showing formation of pits (June 9, 1955). 


embryo (October 26, 1955 11-0220; 


wing 3 layers of integument with middle stony 
x 220. Fig. 144. Same, at the stage of mature 
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Fic. 145 — Life-cycle chart of Pinus wallichiana. 


granules (Fig. 143). The innermost bution. 


cells of the stony zone are the first to 
lignify and the process gradually proceeds 
upwards. 

The inner fleshy zone consists of seven 
to eight layers of thin elongated cells with 
scanty cytoplasm, but at maturity only 
one to three layers persist while the rest 
are absorbed (Fig. 144). 


Summary 


The life history of Pinus wallichiana 
( Fig. 145 ) resembles that of the temperate 
region pines like P. sylvestris, P. rigida, 
P. austriaca and P. resinosa rather than 
P. roxburghii which is subtropical] in distri- 


This last species is also under | 
investigation and a fuller comparison is, | 
therefore, postponed to a later date. The! 
present findings in P. wallichiana are sum- | 
marized below: | 

The tree bears two types of branches, | 
viz. shoots of unlimited growth or long 
shoots and shoots of limited growth or| 
dwarf shoots. The former bears only | 
scale leaves while the latter bears pro- | 
phylls, cataphylls and needles in groups of | 
five. 

The male cones are initiated in the 
month of November and homologous to 
dwarf shoots. The female cone is a modi- 


fied long shoot and appears towards the 
end of January. 
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The wall of the microsporangium com- 


prises the epidermis, two middle layers and 


the tapetum. Fibrous thickenings de- 


_ velop in the epidermal cells at the time of 


maturity. 


Wall formation in the microspore mother 
cells is simultaneous and the tetrads 
are either isobilateral or tetrahedral. 
The pollen is shed at the four-celled 


| stage. 


The ovule is unitegmic. Pollination 
takes place in the month of May. The 
pollen grain germinates on the nucellus 
and the tube nucleus passes into the pollen 


| tube, but this is followed by a period of 


| rest. 


In the following spring the gene- 
rative cell divides to form the stalk and 
the body cell. The latter divides to form 
two male nuclei enveloped in a common 


_ mass of cytoplasm. Later, one of these 


‘ male nucleus. 


nuclei enlarges and this is the functional 
At the time of fertilization 


the pollen tube has the stalk cell, two 


male nuclei of unequal size and a tube 
nucleus. 

After a few free nuclear divisions in 
the megaspore, the growth of the female 
gametophyte stops. It is resumed in the 
following year in March-April. The arche- 


_ gonial initials give rise to mature arche- 
| gonia in May. 
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Fertilization occursin May. The zygote 
divides to form four nuclei which migrate 
to the base of the archegonium. Further 
divisions result in four tiers of cells. 
Numerous proembryos start growing but 
only one attains maturity. In the em- 
bryo the root cap and the root differen- — 
tiate first followed by the stem tip and 
8-11 cotyledons. 

The seed coat is differentiated into the 
outer fleshy, middle stony and inner 
fleshy layers. 
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MORPHOLOGICAL AND EMBRYOLOGICAL STUDIES 
IN THE FAMILY LORANTHACEAE — 
IV. AMYEMA VAN TIEGH.* 


S. N. DIXIT 


Department of Botany, Banaras Hindu University, Varanasi, India 


The genus Amyema occurs mainly in the 
region from the Philippine Islands to 
New Caledonia, Malaya Archipelago, Cele- 
bes and Borneo (Danser, 1929, 1935). 
Schaeppi & Steindl ( 1942) studied the 
embryology of A. gravis along with several 
other members of the Loranthaceae and 
Dixit ( 1954a, b ) published two brief notes 
on A. congener, A. miquelii, A. pendula and 
A. preissit1. The present paper gives a 
detailed account of the last four species. 


1. The synonyms of these species are as follows 
(see Danser, 1929; 1933 ): 

(i) A. congener (Schult.) Van Tiegh.= 
Dendrophthoe congener Mart., Loranthus 
congener Schult., Loranthus pendulus var. 
congener Domin. 

A. miquelii ( Miq.) Van Tiegh.= Amyema 
auranliaca Van Tiegh., Dendrophthoe 
miquelii Ettingsh., Loranthus aurantiacus 
Cunn., Loranthus miquelii Miq., Loranthus 
pendulus var. miquelii Domin. 

A. pendula (Spreng.) Van Tiegh.= 
Amyema longifolia Van Tiegh., Den- 
drophthoe pendulus Mart., Loranthus exo- 
carpi Ewart., Loranthus longifolius Hook., 
Loranthus pendulus Spreng. 

A. preissii (Miq.) Van Tiegh.— Loran- 
thus amyema preissii Van Tiegh., Loran- 
thus linifolius Jacks., Loranthus linophyl- 
lus var. preissii Ostenf., Loranthus preissii 
Miq. 


(ii) 


(iii) 


(iv) 


Materials and Methods 


During 1950 and 1953 the materials of 
Amyema miquelii (Miq.) Van Tiegh. and 
A. preissii (Miq.) Van Tiegh. were ob- 
tained through the 


A. 
A. pendula ( Spreng.) Van Tiegh. were 
kindly supplied by Dr H. S. Mckee 
(Sydney, Australia ). 

The buds, flowers 
softened in 10 per cent hydrofluoric acid 


for 7-20 days and run through the ethyl | 
The | 
usual methods of imbedding were followed, | 
were cut 4-25 microns | 


alcohol-tertiary butyl alcohol series. 


and sections 


[ December! 


Stony layer in seeds of} 


courtesy of Mrs | 
E. L. Robertson ( Adelaide, Australia). | 
congener (Schult.) Van Tiegh. and | 


and fruits were | 


| 


Ir 
| 


} 
|| 
| 


thick and stained in safranin and fast | 


green. 
Dissections of flowers and young fruits 
after clearing them in lacto-phenol proved 
very useful for the study of the female 
gametophyte, endosperm and embryo. 


Observations 


The development sequence in Amyema 
congener, A. miquelii, A. pendula and 
A. preissii is more or less similar and 


_*This work was carried out at the Department of Botany, University of Delhi, Delhi 8, 
during the tenure of a Government of India Research Training Scholarship, and the financial 


assistance is gratefully acknowledged. 
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the following account mainly refers to 
A. miquelii unless otherwise stated. 

FLORAL MORPHOLOGY — The flowers are 
tetra- to hexa-merous and arranged in 
| umbels or in cymes of two to three mem- 
bers ( Figs. 1-3, 11, 20). In A. miquelii 
they are invariably pedicellate (Figs. 2, 3), 
but in A. congener ( Fig. 20), A. pendula 

and A. preissii ( Fig. 11) only the lateral 
flowers are stalked while the central is 
sessile. There are no bracteoles, but a 
small persistent bract is present at the 
base of the ovary ( Figs. 12, 16-19, 21). 
The flowers are 30-33 mm long in À. con- 
gener, 33-36 mm in A. miquelii, 34-37 mm 
in A. pendula and 26-29 mm in À. Preissii. 
The calyculus forms a short tube around 
the perianth ( Figs. 3-6, 12, 16) and is 
devoid of a vascular supply ( Figs. 33-40, 
47). The perianth lobes remain attached 
to one another due to an interlocking of 
the adjacent epidermal cells. In a mature 
bud, the perianth tube is broader at the 
base and apex, and narrower in the middle 
portion (Fig. 4). As the flowers open, 
the upper halves of the perianth segments 
‚separate and become strongly reflexed 
(Figs. 6, 16). 
_ There are four to six epiphyllous 
‘stamens with closely juxtaposed, basifixed, 
‘inarticulate and introrse anthers. The 
‘two inner microsporangia are longer than 
ithe outer (Fig. 40). In A. gravis 
‚Schaeppi & Steindl (1942) considered 
the anther to be half introrse. They also 
observed transverse septa in the micro- 
‘sporangia but no such partitions occur in 
the species studied by me. 

The style is traversed by a narrow stylar 
canal which is continuous at its base with 
the ovarian cavity ( Figs. 39, 40, 90a, b). 
Even after the perianth and androecium 
fall off, the style persists for some time 
(Figs. 7, 8, 10, 17). Occasionally, the 
upper part is shed after the proembryo 
has descended down. At the base of the 
style there are four or five small pro- 
tuberances which probably function as 
nectaries. Fig. 10 shows a case of two 
partially fused ovaries in A. maquelit. 

The fruit is ellipsoidal in A. miquelir, A. 
pendula and A. congener ( Figs. 9, 19, 21) 
and globose in A. preissüi (Fig. 13). It 
is crowned by a short cylindrical tube 
formed by the calyculus. 
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Fics. 1-21 — Floral morphology (emb, em- 
bryo; end, endosperm; vs, vascular skeleton ). 
Figs. 1-10. Amyema miquelii. Figs. 1-3. Inflo- 
rescences. X }. Figs. 4, 5. Buds of different 
ages. x 1. Fig. 6. Open flower. x 1. Figs. 7, 
8. Young fruits; the style is still attached. x 1. 
Fig. 9. Mature fruit. x 1. Fig. 10. An abnormal 
case of partially fused ovaries. X 1. Figs. 11- 
15. A. preissii. Fig. 11. Young inflorescence. 
CS Dig 122 Open Tower x 1.4 Fig) 13° 
Mature fruit. x 1. Fig. 14. Same; outer part of 
the pericarp has been removed and the embryo 
is surrounded by the endosperm and vascular 
skeleton. x 5. Fig. 15. Whole mount of endo- 
sperm and embryo; the radicular end of the 
embryo is papillate. x 5. Figs. 16-19. A. pendula. 
Fig. 16. Open flower. x 1. Fig. 17. Fertilized 
ovary. x 1. Fig. 18. Open flower; the ovary 
has enlarged due to insect attack. x 1. Fig. 
19. Normal mature fruit. x 1. Figs. 20, 21. A. 
congener. Fig. 20. Young inflorescence. x 4. 
Kiez 2 MELUN <a 5. 


The ovaries of A. miquelit and A. pen- 
dula sometimes become hypertrophied due 
to infection by insects ( Fig. 18 ). 


348 


TRICHOMES — The flowers of A. congener, 
A. miquelii (Figs. 40-48) and A. pendula 
are densely clothed with trichomes. 
Their development has been studied 
in detail in A. miquelii ( Figs. 22-27). 
Most of the epidermal cells of the 
bract, ovary, calyculus and perianth 
divide transversely ( Fig. 23 ) after which 
the outer daughter cell bulges out and 


x 


Fics. 22-32 — Amyema miquelii. Trichomes 
and sclereids (sc/, sclereids). Figs. 22, 24. L.s. 
buds; in the former case only the bract, while 
in the latter the bract, ovary, calyculus, and 
perianth are all covered with trichomes. x 7. 
Fig. 23. Part A marked in Fig. 22; note the 
periclinal division of epidermal cells. x 364. 
Fig. 25. Portion of ovary marked B in Fig. 24 
showing disposition of trichomes. x 364. Fig. 
26. Trichome in surface view. x 364. Fig. 27. 
Branched hairs from the tip of the bract. x 158. 
Fig. 28. Diagrammatic representation of a 
carpel showing the distribution of sclereids 
(indicated by dots ). x 2. Figs. 29-31. Stages 
in the development of sclereids. x 364. Fig. 
32. Sclereid from a whole mount. x 364. 
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develops finger-like processes (Figs. 25, 
26). The trichomes appear first on the 
bract, then on the calyculus and lastly 
on the perianth lobes ( Figs. 22,24). | 

In A. miquelit the tip of the bract also 
bears sympodially branched hairs ( Figs. 
24% 274). 

SCLEREIDS — They are irregularly dis- 
tributed in almost all parts of the flower, 
but are especially abundant in the basal 
portion and on the leathery coat of the: 
fruit ( Figs. 28, 121). When the bud is. 
approximately 20-25 mm long, some of the 
cells appear slightly longer. They contain 
a prominent nucleus and _ vacuolated 
cytoplasm (Fig. 29). As the cells en- 
large further, their walls become lignified 
and develop branched pit-canals. The 
nucleus and cytoplasm remain healthy 
for some time, but finally the contents 
degenerate and only a narrow lumen is. 
left ( Figs. 30-32 ). 

ORGANOGENY — The floral primordium 
appears as a dome-shaped protuberance 
in the axil of a bract, and the organs arise 
in acropetal succession. The bract grows 


rapidly and covers the floral axis ( Figs. | 
By the time the primordia of 


33, 34). 


Fics. 33-39 — Amyema miquelii. Organogeny | 
(m, mamelon ). Figs. 33-36. L.s. buds showing | 
acropetal development of floral organs (diagram- | 
matic). x 7. Figs. 37-39. Same; later stages, | 
note the formation of the mamelon ( diagram-| 
matic). X 7. | 


Fics. 40-48 — Amyema miquelii. Vascular anatomy (br, bract; ca, calyculus; p, perianth ). 
Fig. 40. L.s. floral bud (diagrammatic). x 11. Figs. 41-48. Serial transections of bud at levels 
41-48 indicated in the previous figure (diagrammatic ). x 31. 
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the stamens differentiate, the calyculus 
and perianth are already well advanced 
(Fig. 33). The primordia of the perianth 
and the androecium remain fused at the 
base so as to give rise to an epiphyllous 
condition. The carpels are initiated last 
of all (Fig. 34). The ovary elongates 
considerably with the other floral organs at 
the apex, so that an epigynous condition 
is attained. The calyculus forms only a 
short ring on the top of the ovary ( Figs. 
38, 39). The latter encloses a central 
cavity which is continuous with the narrow 
stylar canal ( Figs. 35-39). In A. congener 
the ovarian cavity is exceptionally broad. 
After the floral parts are well developed, 
a small conical structure, the * mamelon ’, 
becomes distinguishable at the base of the 
ovarian cavity ( Figs. 37-39 ). 

FLORAL ANATOMY — Figs. 41-48 show 
transections of a flower bud at different 
levels marked in Fig. 40. 

Two to three bract traces depart from 
the central stele ( Fig. 41 ), branching into 
5-9 bundles in the upper part of the bract 
(Figs. 42-44). The stele now shows 
about 12 bundles which fuse in pairs 
( Figs. 42, 43). At a slightly higher level 
they branch again so that the stelar ring 
comprises 12 bundles — six larger and six 
smaller alternating with each other ( Fig. 
44). They become re-arranged into two 
rings, the outer of larger and inner of 
smaller bundles. As the result of fusions 
only four bundles remain in the inner ring; 
these enter the style and divide in the 
stigma ( Figs. 46-48). In the outer ring, 
each bundle bifurcates ( Fig. 46). The 
inner forms the staminal trace while the 
outer supplies the perianth lobe and ulti- 
mately divides into 3-5 bundles ( Fig. 48 ). 

MICROSPOROGENESIS — A group of sub- 
epidermal archesporial cells differentiates 
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in each lobe. The primary parietal layer! 
is formed in the usual way. It divides; 
periclinally to give rise to the endothecium, , 
two middle layers, and tapetum ( Figs. 49,, 
50). 
the epidermal cells enlarge and become: 
highly vacuolated. In the mature anther,, 
they become flattened and can be re-- 
cognized only here and there (Fig. 57).. 
The endothecium elongates radially andj 
fibrous thickenings appear on the innert 
tangential walls (Figs. 53, 54, 56, 57).| 
The inner middle layer is the first to de-- 
generate and is no longer distinguishable: 
when the pollen grains have reached the: 
2-celled stage (Fig. 54). In Amyemay 
miquelii a few cells of the outer middle: 
layer occasionally enlarge ( Figs. 51, 52) 
and develop fibrous thickenings similar? 
to those of the endothecium ( Figs. 56, 57). 

The tapetal cells are highly vacuolated. 
and uninucleate, but in later stages some: 
of them may become binucleate. The 
tapetal nuclei often fuse during the re 
duction divisions of the microspore mother 
cells. In certain species of the Loran- 
thoideae, e.g. Dendrophthoe pentandra and. 
Scurrula atropurpurea (Rauch, 1936 ),| 
the tapetal cells remain uninucleates 
throughout. i 

At the 2-celled stage of pollen grains, 
the tapetum shows signs of degeneration: 
and finally collapses ( Figs. 54,57). Only; 
in A. pendula the cells may become large 
and vascular. | 

As the tapetum is consumed, minute,| 
rounded globules appear on its inner 
surface and take a red stain with safra-t 
nin. After the disappearance of tapetum |! 
these globules aggregate along the inner! 
wall of the persistent outer middle layer, 
and around the pollen grains ( Fig. 57 ).| 
It is believed that they contribute to) 


[| 


Fics. 49-66 — Amyema miquelii. 
dehiscence ). 
lobe C. x 323. 
ow ANE 51.0323, 


anther (diagrammatic ). x 21. 

persistent middle layer. x 323. 
MOTTE 
2-celled pollen grains. x 375. 


Microsporogenesis and male gametophyte (d, regi f 
Fig. 49. T.s. anther ihn x 60. = ee tof ti 
Fig. 51. L.s. anther (diagrammatic). x 11. 

| Fig. 53. T.s. mature anther ( diagrammatic ). 
E in the previous figure; note the region of dehiscence (d). 
two healthy and two undeveloped microsporangia (diagrammatic ). x 60. 
Fig. 57. Region F in Fig. 56; note the fibrous thickenings in the} 
Figs. 58-61. Meiosis I and II. 
Figs. 63, 64. Decussate and tetrahedral tetrads. x 375. 


I 


Fig. 50. Same; enlargement of the 
Fig. 52. Enlargement of part DI 
x 60. Fig. 54. Portion marked| 
x 323. Fig. 55. T.s. anther showing? 


I 
KISS dehisced| 


x 375. Fig. 62. Cytokinesis.l 
Figs. 65, 66. Uninucleate and| 


> 


A © 
7 


ROP 


A SA 


Fics. 49-66. 
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Fics. 67-71 — Amyema miquelii. Megasporo- 
genesis (arc, archesporium; cp, collenchymatous 
pad; m, mamelon; oc, ovarian cavity; sc, stylar 


canal). Figs. 67, 70. Outline diagrams (].s.) 
for Figs. 68 and 71. x 8. Fig. 68. Enlargement 
of portion G in Fig. 67 showing the 3-celled 
hypodermal archesporium and ovarian canal. 
X 242. Fig. 69. Sporogenous tissue. X 242. 
Fig. 71. Portion marked H in Fig. 70; note the 
formation of mamelon. x 242. 


the formation of exine ( see Maheshwari, 
1950): 

The sporogenous cells undergo mitotic 
divisions, forming a large number of 
.microspore mother cells. Just before the 
commencement of meiosis, a special muci- 
laginous wall is secreted between the 
protoplast and the original wall. Figs. 58- 
61 represent stages of Meiosis I and II. 
Cytokinesis takes place by centripetal 
furrows which are followed by wedges of 
the special mucilaginous wall. The latter 
meet in the centre and bring about quadri- 
partition ( Figs. 62-64). Both tetrahedral 
and decussate tetrads can be seen ( Figs. 
63, 64). The microspores have a 3-rayed 
outline and are so arranged in a tetrad 
that their arms touch each other. 
During the enlargement of the microspores, 
the mucilaginous wall is absorbed, the 
original wall of the mother cell breaks 
down and the microspores are set free. 
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The development may not be synchro- | 
nous in the different anthers of the same | 
flower, and sometimes even in the same | 


pollen sac. 

MALE GAMETOPHYTE — The 
slightly curved arms of the microspore are 
somewhat concavo-convex and the nucleus 
is situated more or less in the centre 
( Fig. 65). 


The division of the microspore nucleus | 
leads to the formation of a smaller gene- | 
rative and a larger vegetative cell ( Fig. | 
The vegetative nucleus takes up a | 
central position, but sometimes it may | 
The three arms | 
of the pollen grain are broad and blunt | 
Two longitudinal | 


66 ). 
shift into one of the arms. 


with apical germ pores. 
furrows, one on each surface, run all along 


the arms and meet in the centre ( Fig. 66). | 


During maturation, the central portion 


swells conspicuously so that the pollen : 
The anther 
dehisces by four longitudinal slits (Fig. 56). | 


grains appear double-convex. 


Sterility in anthers is fairly high, parti- 
cularly in A. pendula. 


pollen sac may meet the same fate. 


( Fig. 55) or three microsporangia. 


sporangium. 


MAMELON — The longisection of a young || 
bud ( up to 7 mm long ) does not show any | 
differentiation of the mamelon ( Figs. 34- | 
A 3-celled hypodermal arche- | 
sporium differentiates at the base of the | 
The arche- | 
sporial cells divide repeatedly to produce | 
50-85 sporogenous cells ( Figs. 69, 71). | 
At the same time the floor of the ovarian | 
cavity is pushed up and becomes conical | 
This mamelon | 
differs from that of Helicanthes elastica | 
( Johri, Agrawal & Garg, 1957) in that | 


36, 67, 68 ). 


ovarian canal ( Figs. 67, 68 ). 


(Figs. 38, 39, 69-71). 


it originates secondarily and not along 
with the rest of the floral organs. Below 


the sporogenous tissue 4-5 layers of cells | 
differentiate into a plate of somewhat | 


thick-walled cells ( Figs. 70, 71), forming 
the collenchymatous pad. 

A feature of unusual interest in A. m1- 
quelit is the differentiation of 2-4 iso- 
lated tracheids in the mamelon ( Figs. 


three, | 


The sporogenous | 
cells often degenerate in groups and | 
occasionally even the entire contents of a | 
Thus, | 
sometimes the anther may show only two | 
Shri- || 
velled pollen grains commonly occur along | 
with healthy ones in the same micro- | 


Fies. 72-78 — Megasporogenesis (cp, collenchymatous pad; m, mamelon; oc, ovarian cavity; 
sc, stylar canal). Figs. 72-75, 78. Amyema preissii. Figs. 76, 77. A. miqueli. Figs. 72, 74. 
Outline diagrams for Figs. 73 and 75. x 10. Fig. 73. Enlarged view of the mamelon from Fig. 72 
showing megaspore mother cells and linear and | -shaped tetrads. x 323. Fig. 75. Portion of 
mamelon marked L in Fig. 74; some of the mother cells and a dyad are undergoing division, 
several tetrads are also present. x 323. Figs. 76, 77. Linear tetrads. x 606. Fig. 78. Lateral 
growth of one of the megaspores leading to the formation of a 2-nucleate embryo sac. x 606. 
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79, 80). They develop in the vicinity of 
the megaspore mother cells and measure 
approximately 56X14 microns. Their 
walls become lignified and develop spiral 
thickenings. Occasionally, the tracheids 
are arranged end to end and come in close 
proximity to the collenchymatous pad. 
During the development of the embryo 
sacs and endosperm, the apex of the 
mamelon and the central ovarian tissue 
become crushed, but the tracheids remain 
intact ( Figs. 81, 82). 

MEGASPOROGENESIS — The _ epidermal 
cells at the tip of the mamelon simulate 
the sporogenous cells. The latter are 
often masked by a heavy deposition of 
crystal dust in A. congener and A. pendula. 
Most of the centrally situated sporogenous 
cells become spindle-shaped and directly 
function as megaspore mother cells ( Figs. 
PATER 

Several megaspore mother cells enlarge 
concurrently but do not show the same 
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Fics. 79-82 — Amyema miquelii. Mamelon 
with tracheids (cend, composite endosperm; 
cp, collenchymatous pad; dot, degenerated 
ovarian tissue; m, mamelon; oc, ovarian cavity; 
ty, tracheid ). Figs. 79, 81. Outline diagrams 
for Figs. 80 and 82. x 5. Fig. 80. Portion 
marked / in Fig. 79; some of the megaspore 
mother cells show tracheidal thickenings. x 260. 
Fig. 82. Part of ovary marked K in Fig. 81; 
the tracheidal cells are still distinguishable in 
the degenerated ovarian tissue above the com- 
posite endosperm, x 260. 
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| 
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Fics. 
bryo sac). 


Figs. 83-86. 


nine embryo sacs. X 5. Figs. 84-86. Tips of 4 
and 8-nucleate embryo sacs (position of Fig. 
84 is marked in Fig. 83). x 225. Figs. 87-91. 
A. preissii. 


ed in Fig. 88. x 5. 


endosperm nucleus. x 225. 
carpel showing the upper and lower limits of ten 
embryo sacs in the style; x 6. 
embryo sac marked e, in Fig. 90b. x 158. 


stage of development ( Fig. 73). Dyads 
and linear tetrads are formed in the usual 
manner (Figs. 73-77). In A. preissii, 
the spindles in the dyad cells are some- 
times oriented obliquely ( Fig. 75). This 
species also shows 
2873). 


| 
| 
| 
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83-91 — Female gametophyte (e, em- | 
Amyema miquelit. | 
Fig. 83. Upper part of style showing tips of | 


Fig. 87. Upper portion of style | 
indicating the position of the embryo sac sketch- | 
Fig. 88. Enlargement of the | 
tip of embryo sac marked M in Fig. 87. x 225. | 
Fig. 89, Tip of another embryo sac showing the | 
zygote, degenerated synergids and the primary | 
Figs. 90a, b. L.s. | 


Fig. 91. Tip of | 


4-shaped tetrads | 
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EmBryo SAC — Normally the lower- 
most megaspore of a tetrad functions, 
but in A. miquelii and A. preissii fre- 
quently more than one megaspore may 
develop. If the second or the third 
megaspore enlarges, it grows laterally 
( Fig. 78). However, the 2-nucleate em- 
bryo sacs soon change their course and 
elongate in a direction parallel to the 
longitudinal axis of the ovary. 

There is widespread degeneration of the 
sporogenous tissue, megaspore mother 


cells, dyads, tetrads and even 2 and 4- 
nucleate embryo sacs, and it is difficult 
to trace the fate of individual megaspore 
of the tetrads. 

About a dozen embryo sacs develop 
concurrently in an ovary and their tips, 


Fics. 92-97 — Female gametophyte (ant, 
antipodal cells; /p, lower polar nucleus; pen, 
primary endosperm nucleus). Figs. 92, 94-96. 
Amyema miquelii. Figs. 93a, b; 97. A. pendula. 
Fig. 92. Lower end of embryo sac with four free 
nuclei. x 194. Fig. 93a, b. Same, showing lower 
polar nucleus and two antipodals, one of which 
is binucleate. x 194. Figs. 94, 95. Formation 
of lateral caecum; the antipodals have been left 
behind in situ. x 194. Fig. 96. Same; the primary 
endosperm nucleus has migrated into the caecum. 
x 84. Fig. 97. Caecum showing four-celled 
endosperm; the second wall is in the plane of 
the paper. X 194. 
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Fics. 98-100 — Amyema miquelii. Female game- 
tophyte (ant, antipodals, dot, degenerated 
Ovarian tissue; end, endosperm, pen, primary 
endosperm nucleus). Fig. 98. Outline diagram 
for Figs. 99 and 100. x 6. Fig. 99. Lower por- 
tion of three embryo sacs from Fig. 98 showing 
the antipodal cells and primary endosperm nu- 
cleus. x 84. Fig. 100. Another embryo sac 
marked P in Fig. 98 containing cellular endo- 
sperm. x 84. 


each containing two nuclei, invade the 
style ( Figs. 83, 84). They may reach up 
to two-thirds the height of the 28 mm 
long style (Figs. 90a, b). The elongated, 
richly cytoplasmic cells of the style serve 
as the chief source of nourishment. At 
this stage the lower end of the embryo sac, 
surrounded by some degenerated ovarian 
cells, shows the lower polar nucleus and 
well organized antipodal cells. Fig. 92 
‘represents the basal end containing four 
free nuclei. This indicates that the 
elongation of the embryo sac probably 
occurs at the 4-nucleate stage and the two 
lower nuclei divide earlier than the upper 
so as to give rise to a 6-nucleate gameto- 
phyte as also reported in Macrosolen 
( Maheshwari & Singh, 1952 ) and Lysiana 
( Narayana, 1958a ). 

There are three antipodal cells or some- 
times only two in which case the sub- 
terminal is binucleate ( Figs. 93a, 95, 96, 
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1-104 — Endosperm and proembryo (cend, composite endosperm; cp, collenc 
dot, degene d i issue; 101 | 
l 102 | 
m | 


— SC PAC 
d; dot, degenerated ovarian tissue; end, endosperm; pem, proembryo ). Figs. 10 
miquelii. Figs. 103, 104. A. preissii. Figs. 101, 103. Outline diagrams for Figs 

and 104. X 11. Fig. 102. Embryo sacs enlarged from, Fig. 101; note the cellular endo 
p tyos. x 140. Fig. 104. Magnified view of endosperm 
x 
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99). The basal end of the embryo sac 
elongates into a caecum? which reaches 
down almost to the collenchymatous pad 
( 90a, 98, 99), leaving the antipodal cells 

an situ ( Figs. 94-96, 98, 99). 

The tips of the embryo sacs elongate 
rather rapidly, so that the nuclei lag behind. 
After the embryo sacs have attained their 
full length, their tips become broader and 
the two nuclei move up ( Fig. 84). They 
divide to produce four nuclei which give 
rise to the egg apparatus and the upper 
polar nucleus (Figs. 85, 86, 91). The 
synergids are oblong and often show a 
filiform apparatus. Usually they de- 
generate after fertilization, but their 
remnants persist until the formation of 
the biseriate proembryo ( Figs. 89, 105- 
110). 

The lower polar nucleus was not ob- 
served in the upper part of the embryo 
sac (situated in the style), but it is pre- 
sumed that it moves up and fuses with the 
upper polar nucleus. The fusion nucleus 
is very conspicuous and lies adjacent to the 
egg ( Figs. 87, 88). 

Except for the tip and the base which 
are broad, the rest of the embryo sac is 
narrow and tubular. It is impossible to 
trace the tortuous course of individual 
embryo sacs from base to apex as they 
cross each other at many points. In 
A. preissii some of the embryo sacs were 
situated in close proximity to the vascular 
supply. 

ENDOSPERM — Double fertilization was 
not observed but probably it occurs nor- 
mally as is known in other plants of the 
family. Before the zygote divides, the 
primary endosperm nucleus moves down 
to the base of the embryo sac. While 
passing through the narrow middle por- 
tion, it usually assumes an elongated 
appearance, but on reaching the broad 
lower portion in the ovary the spherical 
outline is regained. It does not divide 
immediately but in the meantime the 
proembryos develop in the style. 


2. Occasionally seven to ten free nuclei were 
observed in the lower end of the embryo sac. 
However, their exact origin and behaviour could 
not be followed. In this connection attention 
is invited to Johri, Agrawal & Garg’s (1957) 
explanation of a similar feature in Helicanthes 
elastica. 
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The first division of the primary endo- 
sperm nucleus is followed by a transverse 
wall. The next division is vertical, re- 
sulting in a 4-celled condition ( Fig. 97 ). 
Further divisions give rise to a 4-seriate 
endosperm (only two rows can be seen 
in a longisection, Figs. 100, 102). The 
cells of the lower tiers are smaller and 
densely cytoplasmic. Fig. 98 shows the 
basal portion of five embryo sacs of which 
four contain the primary endosperm nu- 
cleus, while the fifth has a cellular endo- 
sperm ( Figs. 100 ). 

The endosperm develops simultaneously 
in several embryo sacs and due to their 
expansion the intervening ovarian tissue 
becomes crushed so that finally the 
endosperms fuse together and form a 
single composite mass ( Fig. 104 ). 

EMBRYO — The zygote enlarges con- 
siderably (Fig. 105) and undergoes a 
longitudinal division, characteristic of the 
Loranthaceae. A series of transverse 
divisions result in a biseriate proembryo 
with a long suspensor ( Figs. 106-110 ). 
The terminal tier ceases to divide tem- 
porarily, while the subterminal tiers re- 
peatedly divide transversely and elongate 
until the proembryo reaches the basal 
part of the embryo sac which is situated 
in the ovary. The cells of the suspensor, 
particularly at its distal end, are highly 
vacuolated and contain shrunken nuclei. 

Several proembryos, from different 
zygotes, develop concurrently in the same 
style, but only two or three of these 
progress as far as the ovary ( Figs. 101, 
102). Finally, only one of them makes 
its way through the endosperm and 
reaches down to the collenchymatous pad 
(Figs. 103, 104, 111). The remaining 
proembryos abort either in the style or in 
the ovary. The two terminal proem- 
bryonal cells now undergo rapid divisions 
forming a plate of small, densely cyto- 
plasmic cells ( Figs. 111, 112). Some of 
the suspensor cells, adjacent to the em- 
bryonal mass, also divide so that the 
former becomes 3 to 6-seriate. 

The basal endosperm cells grow in- 
between the collenchymatous pad and the 
embryonal mass ( Figs. 113, 114). Asa 
result thereof, the latter is pushed up to a 
central position in the composite endo- 
sperm ( Figs. 115, 116) and the suspensor 


105 


109 112 
Figs. 105-112 — Proembryo (end, endosperm; pem, proembryo ). Figs. 105-110. Amyema 


miquelii. Fig. 105. Upper end of embryo sac with elongated zygote and persistent synergid. 
x 323. Fig. 106. Same; showing 8-celled proembryo. x 323. Figs. 107, 109. Upper part of 
styles (Ls.) with tips of 5 and 13 embryo sacs respectively. x 7. Fig. 108, 110. Embryo sacs 
marked e, in Fig. 107 and e, in Fig. 109 showing advanced stages of biseriate proembryo. x 323. 


Figs. 111, 112. A. preissii. Fig. 111. Outline diagram for Fig. 112. x 11. Fig. 112. Proembryo 
from Fig. 111. x 482. 


Fics. 113-116 — Amyema preissii. Embryo and endosperm; all figures diagrammatic 
(cp, collenchymatous pad; emb, embryo; end, endosperm; lc, leathery coat; pz, parenchymatous 
zone; scl, sclereid; vl, viscid layer; vz, vascular zone). Figs. 113, 114. L.s. young fruits; the pro- 
embryo is touching the collenchymatous pad. x 15. Figs. 115, 116. Same; advanced stages, the 
embryos have retracted from the collenchymatous pad. x 15. 


res 
NN 
o>, 


one 
lose x = 


Fıss. 117-120 — Amyema miquelii. Pericarp (emb, embryo; 
coat; pz, parenchymatous zone; v/, viscid layer; vz, vascular zone ye 


and old fruits. x 9. Figs. 118, 120, Magnified view of the portions of 
in Figs. 117, 119, x 168. 
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Figs. 117, 119. L.s. young 
pericarp marked Q and R | 
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Fiss. 121-125 — Amyema miquelu. Fruit (emb, embryo; end, endosperm; lc, leathery coat; 
pz, parenchymatous zone; scl, sclereid; v/, viscid layer; vz, vascular zone). Fig. 121. L.s. mature 
fruit. x 9. Figs. 122-125. Transections at levels 122-125 marked in Fig. 121; the black region 
in Fig. 125 represents the collenchymatous pad. x 9. 
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becomes twisted and coiled. Further 
divisions of the embryonal mass result in 
a club-shaped proembryo which dif- 
ferentiates into the cotyledons and the 
plumule. The cotyledons are unequal 
and in a mature embryo they are fused 
except in the region of the plumule. In 
A. congener the cotyledons remain free up 
to a very late stage. The ‘ radicular end ’ 
of the embryo elongates upward, projects 
beyond the endosperm and becomes 
swollen (Fig. 121). 

Fruit — The fruit is a globose ‘ pseudo- 
berry ’ enclosing a single embryo imbedded 
in the massive endosperm (Fig. 121). 
Unlike other angiosperms, the ‘seed’ is 
devoid of a seed coat and the pericarp 
directly surrounds the endosperm ( Figs. 
1219424725): 

The ovary wall is composed of a par- 
enchymatous tissue interspersed with 
sclereids and tannin-filled cells. Soon 
after the formation of the composite 
endosperm, the epidermal trichomes are 
shed and the pericarp differentiates into 
four zones. 

As the composite endosperm expands, 
it absorbs the inner parenchymatous zone 
and approaches the vascular tissue ( Figs. 
14, 113-121, 125). Next to the—letter 
come a few layers of tannin-filled cells 
and then the viscid zone consisting of 1-2 
layers of densely cytoplasmic cells ( Fig. 
118). During the maturation of fruit, 
they stretch out considerably ( Figs. 119, 
120) and secrete a sticky substance 
( viscin ). 

The outermost zone is leathery and 
forms the main bulk of the pericarp 
(Figs. 120-124). It comprises the epi- 
dermis, hypodermis, and several layers of 
parenchymatous cells interspersed with 
sclereids and tannin-filled cells ( Figs. 118, 
120). The outer tangential wall of the 
epidermis is highly cutinized. A clear 
picture of the relative dimensions of the 
different regions of the pericarp can be 
had from cross-sections of the fruit re- 
presented in Figs. 122-125. 

The outermost layer of the endosperm, 
adjacent to the vascular zone, consists of 
small cells with prominent nuclei. Next 
come the several layers of large cells packed 
with starch grains which mask the de- 
generated nuclei. Lastly, there are a few 


PHYTOMORPHOLOGY 


[ December | 


Mature » 
embryo. Fig. 126. L.s. mature embryo; note || 
the protuberances on the sides and hairs at the! 
radicular apex. x 16. Figs. 127-131. T.s. embryo | 
at levels 127-131 marked in Fig. 126. x 16. 
Fig. 132. A single vascular bundle marked S in | 
Fig. 128. x 161. Fig. 133. Enlargement of! 
protuberances from Fig. 127. x 161. Fig. 134. 
Hairs from radicular apex. x 54. 


Fics. 126-134 — Amyema miquelii. 


layers of elongated cells some of which are | 
consumed by the growing embryo. | 
The mature embryo consists of more or | 
less rectangular and radially arranged cells || 
containing abundant starch. Some of 
the cells are also filled with a tannin-like | 
substance. 
Remnants of the degenerated suspensor | 
persist in the seed (Fig. 121). The} 
radicular end? of the embryo develops | 
numerous papillate outgrowths on the) 
sides, while the apex is covered by uni- | 
seriate hairs ( Figs. 121, 126, 133, 134). | 
These structures may be helping the | 
germinating seed to have a firm hold on | 
the host. 
Just above the plumule, the embryo | 
shows 13-14 endarch bundles ( Figs. 128, | 
129, 132). This structure, therefore, re- | 
presents the hypocotyledonary extension | 
rather than a true radicle. Four bundles 
enter each cotyledon. Their number goes | 
on diminishing and ultimately only one | 
vascular strand remains ( Figs. 130, 131 ). 


3. Since there is no true radicle in the embryo, 
its upper end has been referred to as the ‘ radi- 
cular end’, 
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Two distinct bundles, one belonging to 
each cotyledon, are seen in a cross-section 
of the fused cotyledons, but the supply 
to one of the cotyledons fades earlier. 
The extreme tip of the cotyledons and the 
upper half of the radicular end do not 
receive any vascular supply ( Figs. 126, 
227, 131). 

The embryo is massive and its lower 
two-thirds are imbedded in the endosperm 
while the rest projects outside ( Figs. 14, 
15, 121). According to Schaeppi & 
Steindl (1942) in Amyema gravis the 
mature embryo is completely surrounded 
by the endosperm. From their Fig. 34b, 
however, it appears that they did not 
examine median sections of a mature 
fruit and thus missed the hairs and the 
papillae at the radicular end. 


Summary and Conclusion 


The flowers of Amyema congener, A. mi- 
quel, A. pendula and A. preissii are 
tetra- to hexamerous and arranged in 
umbels or in cymes of 2-3 members. 
In all the four species the calyculus is 
rather inconspicuous and is devoid of 
any vascular elements. A vascular supp- 
ly has been observed only in Nuytsia 
floribunda ( Narayana, 1958b ) and Atkin- 
sonia ligustrina (Garg, 1958) which sup- 
ports the interpretation that calyculus re- 
presents the calyx. 

The perianth tube is free at the upper 
end and each segment receives a single 
trace which finally divides into 3-5 bundles. 

Each stamen receives a single trace 
which remains undivided. The anthers 
are dithecous and at maturity each mi- 
srosporangium dehisces by an indepen- 
dent longitudinal slit. 

The gynoecium is tetracarpellary and 
syncarpous with an inferior ovary bear- 
ng a long style and a 2-4-lobed stigma. 
The presence of four vascular traces in the 
style confirms the tetracarpellary nature 
xf the ovary. On the basis of the four 
obes of the stigma, Schaeppi & Steindl 
1942) inferred the tetracarpellary condi- 
ion in Amyema gravis. 

The floral organs arise in acropetal suc- 
session: calyculus, perianth, androecium 
ind gynoecium. The mamelon develops 
ıs a result of the pushing up of the base 
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of the ovarian canal due to the elongation 
of the sporogenous cells. A feature of 
unusual interest is the presence of vascular 
elements in the mamelon. After the 
report of their occurrence in A. miquelit 
( Dixit, 1954b), they have also been ob- 
served in Dendrophthoe neelgherrensis 
( Narayana, 1956) and Nuytsia floribunda 
( Narayana, 1958b ). 

The wall of the anther comprises the 
epidermis, fibrous endothecium, 1-2 
middle layers and glandular tapetum. 
In A. miquelii a few cells of the outer 
middle layer sometimes enlarge and de- 
velop fibrous thickenings similar to those 
of the endothecium. 

The reduction divisions in the micro- 
spore mother cells are of the simultaneous 
type. Cytokinesis takes place by furrow- 
ing and the tetrads may be tetrahedral or 
decussate. The pollen grains are tri- 
radiate with a thick and smooth exine, 
and are shed at the 2-celled stage. The 
anthers dehisce in the bud. 

The archesporial cells differentiate in the 
subepidermal region at the base of the 
ovarian cavity and divide to produce a 
massive sporogenous tissue. The mega- 
spore mother cells undergo the usual 
reduction divisions resulting in tetrads of 
the linear type ( 1-shaped tetrads are 
formed sometimes in A. prevssit ). 

Shaeppi & Steindl (1942) state that 
due to widespread degeneration they were 
unable to follow the development of the 
embryo sac in Amyema gravis. In all the 
species examined by me, the development 
conforms to the Polygonum type. How- 
ever, a 6-nucleate stage precedes the 
formation of the 8-nucleate gametophyte. 
Eight to thirteen embryo sacs develop in 
the same style and their tips containing 
the egg apparatus and the upper polar 
nucleus reach up to two-thirds its length, 
while the basal ends with the antipodal 
cells and the lower polar nucleus remain 
in the ovary. Subsequently, the base of 
the embryo sac forms a caecum which ex- 
tends down as far as the collenchymatous 
pad leaving the antipodal cells in situ. 

The primary endosperm nucleus travels 
from the upper to the basal part of the 
embryo sac (situated in the ovary), where 
it divides to produce a cellular endosperm. 
The endosperms of several embryo sacs 
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developing simultaneously in the same 
ovary extend laterally and fuse to form a 
composite structure. 

In Amyema, as in other members of the 
Loranthaceae, the first division of the 
zygote is longitudinal and is followed 
by transverse divisions and elongation of 
cells resulting in a long, biseriate pro- 
embryo. Continued elongation of the 
suspensor cells finally pushes the terminal 
portion of the proembryo into the ovary. 
Here it makes its way through the endo- 
sperm and comes to lie just above the 
collenchymatous pad. The terminal em- 
bryonal tier undergoes repeated divisions 
and forms a dicotyledonous embryo. 
The fusion of the cotyledons (except in 
the plumular region ) results in a pseudo- 
monocotyledonous condition. Several pro- 
embryos develop concurrently, but only 
one reaches maturity. The embryo lacks 
a true radicle. The so-called ‘ radicular 
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end’ shows collateral endarch bundles: 
and is, therefore, hypocotyledonary in 
nature. While the major portion of the 


mature embryo remains enclosed in thé 
endosperm, the ‘ radicular end’ projects: 
beyond it and is studded with marginal 
protuberances. 

The fruit is a ‘ pseudoberry’ and the 
seed is devoid of a testa. The endospernr 
is directly surrounded by the pericarp 
which is distinguishable into four zones: 
an outer leathery coat, the viscid zone; 
the parenchymatous zone, and the vas: 
cular zone. 
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MORPHOLOGICAL AND EMBRYOLOGICAL STUDIES IN THE 
FAMILY LORANTHACEAE — V. LEPEOSTEGERES 
GEMMIFLORUS (BL.) BL.* 


SEN DIET 


Department of Botany, Banaras Hindu University, Varanasi, India 


Schaeppi & Steindl’s (1942) work on 
the embryology of Lepeostegeres gemmi- 
florus is rather inconclusive. A reinvesti- 
gation of this species has brought out 
several interesting features which are re- 
ported here. 

Preserved material of Lepeostegeres gem- 
miflorus (Bl.) Bl. ( —Loranthus gemmiflorus 
Bl.), collected by Professor P. Maheshwari 
in 1952 from the Botanical Garden, Bogor 
(Indonesia ), was very kindly passed on 
to me. It was prepared for microtomy 
in the usual way and sections were cut 4 to 
8 u thick for younger and 10 to 15 u thick 
for older stages. Iron-haematoxylin as 
well as safranin and fast green were used 
for staining. Of these the latter proved 
more satisfactory. 


: 


Observations 


FLORAL MORPHOLOGY — The solitary 
axillary heads bear 10-20 buds surrounded 
by an involucre of 6-7 decussately arranged 
‘bracts (Figs. 1, 2). The buds are so 
compactly arranged that due to mutual 
pressure they become angular. At matu- 
tity they protrude beyond the involucre 
(Figs. 1-4). 

_ The flowers are hexamerous and epigy- 
nous (Figs. 5, 8, 13-15). According to 
‘Van Tieghem (1895), the flowers of L. 
gemmiflorus are sessile but actually a short 
pedicel is present ( see also Danser, 1931 ). 
The calyculus is long and membranous 
‘with an irregularly serrated margin ( Figs. 
5,27). The perianth consists of six lobes 
joined to one another by the interlocking 
‘of juxtaposed epidermal cells (Fig. 15°), 


and in an open flower their upper portions 
become recurved ( Figs. 4, 5). The base 


of the style shows a prominent swelling 
which seems to function as a nectary. 
The mature head bears long as well as 
short-stalked globose, somewhat angular 
fruits (Figs. 6, 7). 


inv 


inv 


inv 


Fics. 1-7 — Flower and fruit (ca, calyculus; 
inv, involucre; p, perianth; s, style; st, stamen). 
Fig. 1. Part of a twig bearing two inflorescences. 
x 4. Fig. 2. Young inflorescence, x 1. Fig. 3. 
Same, partly opened to show the disposition of 
flowers. x + Fig. 4. Inflorescence bearing open 
flowers. x }. Fig. 5. Single flower. x 1. Fig. 6. 
Cluster of mature fruits. x 1. Fig. 7. Single 
fruit. 


*This work was carried out at the Department of Botany, University of Delhi, Delhi 8, 
during the tenure of a Research Training Scholarship for which I am very grateful to the Govern- 


ment of India. 
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See 


it} 


Figs. 8-15 — Vascular anatomy of flower (ca, 
calyculus; m, mamelon). Fig. 8. L.s. bud (dia- 
grammatic). x 7. Figs, 9-15. Cross-sections at 
levels 9-15 marked in Fig. 8 (diagrammatic). 
SG 


FLORAL ANATOMY — The general or- 
ganization of the floral vasculature is 
based on a hexamerous plan. Figs. 9-15 
show the arrangement of bundles in 
serial transections at levels indicated in 
the longitudinal section of a bud repre- 
sented in Fig. 8. 

The basal region of the flower shows six 
bundles ( Fig. 9), which divide to form a 
ring of twelve bundles and these become 
arranged in two alternate rings of six 
bundles each (Fig. 10). Three bundles 
of the inner ring are situated opposite to 
the lobes of the mamelon while the other 
three correspond to its notches ( Fig. 10 ). 
At a slightly higher level, the bundles 
fuse in pairs forming three stylar traces 
(Figs. 11-14) which bifurcate in the 
stigma (Fig. 15). 

The outer ring of six bundles represents 
the supply to the perianth and the androe- 
cium. In the adnate portion of the fila- 
ment. and perianth lobe, the vascular 
traces run very close to each other ( Figs. 
12, 13). The staminal trace remains 
undivided and reaches up to the apex of 
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| 
the connective. Unlike Amyema ( Dixit, 
1958 ), in Lepeostegeres the perianth trace 
also remains undivided (Figs. 14, 15). 
The calyculus does not receive any vas-| 
cular supply. | 

MICROSPOROGENESIS — Of the four mi-+ 
crosporangia, the inner two are longer! 
than the outer. The anther wall consists: 
of the epidermis, endothecium, a single 
middle layer and the tapetum ( Fig. 16). 

In contrast to most other members: 


middle layer is the first to degenerate and 
is no longer distinguishable at the uni: 
nucleate stage of pollen grains. Due ta 
mitotic divisions, the tapetal cells become 
binucleate ( Figs. 16-18), but in some of! 
them the nuclei fuse and the uninucleate 
condition is restored. Occasionally the 
tapetal cells undergo a periclinal divisio 
so that they appear two-layered at places: 
(Fig. 16). By the time the microspores: 
separate from the tetrads, the tapetal cells! 


and male! 
Fig. 16. T.s. anther lobe showing; 
wall layers and microspore mother cells. x 242) 


Fics. 16-25 — Microsporogenesis 
gametophyte. 


Figs. 17, 18. Tapetal cells. x 455. 
Mother cell in Meiosis II. x 455. Figs. 20, 21| 
Tetrads. x 455. Figs. 22, 23. Uninucleate and 
two-celled pollen grains. x 455. Fig. 24. Pollen 
grain showing a lateral germ pore. x 455} 
Fig. 25. Four-rayed microspore. x 455. | 


Fig. 19) 
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enlarge and become vesicular. Soon after 
their walls break down and the proto- 
plasts collapse during the enlargement of 
the pollen grains. 

In a transection, the microsporangium 
shows two or six microspore mother cells 
(Fig. 16). Prior to the onset of reduc- 
tion divisions their protoplasts round off 
and a special mucilaginous wall is secreted 
around them. The reduction divisions 
are ‚simultaneous (Fig. 19), and cyto- 
kinesis occurs by furrowing, resulting in 
decussate ( Fig. 20 ) or tetrahedral tetrads 
(Fig. 21). The special mucilaginous wall 
is absorbed, the original wall of the mother 
cell disorganizes and the microspores are 
released. 

MALE GAMETOPHYTE — The tri-radiate 
microspore shows a smooth and uniformly 
thick exine (Fig. 22). The first division 
gives rise to a smaller generative and a 
larger vegetative cell (Figs. 23, 24). 
The generative cell migrates into one of 
the arms; rarely, it may continue to lie 
adjacent to the vegetative nucleus. The 
pollen grains are shed at the 2-celled stage. 
On the surface of each arm runs a groove 
and the germ pore is located in the middle 
or slightly towards the tip of the arm 
{Fig. 24). Along with the three-rayed 
microspores, some degenerated four-rayed 
spores were also observed (Fig. 25). 
Johri, Agrawal & Garg (1957) and 
Narayana (1958a) reported a similar 
feature in Helicanthes elastica and Ly- 
siana exocarpi respectively. In Tupeia 
(Smart, 1952) the pollen grains are 
spherical. 

In a mature anther the epidermis and 
endothecium break down at the junction 
of the pollen sacs forming longitudinal 
slits through which the pollen grains 
escape. 

MAMELON — The development of the 
mamelon is of special interest since it 
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differs from that in other members of the 
Loranthaceae. The upper one-third of the; 
young ovary is traversed by a median,} 
longitudinal cavity which is continuous; 
with the stylar canal. Along with the: 
differentiation of the floral organs, ai 
mound-shaped projection (the mamelon )) 
arises from the base of the ovarian cavity.. 
Its upper end elongates and at the: 
megaspore mother cell stage about 1 mm) 
of the tip extends into the stylar canall 
(Fig. 27). At this time the style is only! 
2-3 mm long. For some time the style: 
and the mamelon grow concurrently, so 
that the latter attains a height of 2-5 mm) 
in a 6-5 mm long style. Hereafter the 
style grows more rapidly and when it 
becomes 14 mm long, the mamelon iss 
only 3-5 mm long. The mamelon does not! 
grow further whereas the style ultimately 
attains a height of 25 mm in a mature 
bud. | 

In transection the base of the mamelon ı 
shows a tri-lobed outline. In between) 
the lobes it is fused with the wall of the: 
ovary so that the latter appears trilocular! 
(Fig. 29). During earlier stages the: 
lower part of the stylar canal shows three: 
furrows corresponding to each lobe of the‘ 
mamelon. Later the boundary betweenk 
the mamelon and the ovary wall or the‘ 
stylar canal becomes somewhat obscure® 
except in the basal region. | 

Thus, the structure and development of i 
the mamelon of Lepeostegeres is similar to) 
that of Macrosolen cochinchinensis (Mahesh-- 
wari & Singh, 1952), Lysiana ( Narayana,, 
1958a) and Nuytsia (Narayana, 1958b ))) 
except that in Lepeostegeres the mamelon) 
enters the stylar canal for a considerable? 


distance. All the four genera have,, 
therefore, been grouped together by} 
Maheshwari, Johri & Dixit (1957). The: 


basal lobes of the mamelon do not show’ 
any differentiation into the nucellus and| 


Figs. 35-41 — Female gametophyte ( ant, antipodals; ct, collenchymatous tube; m, mamelon Al 
Fig. 36. Four-nucleate embryo sac. x 384. Fig.) 
37. Same, enlarged from the left lobe of the mamelon in Fig. 35. x 384. 
embryo sacs magnified from the right lobe of the mamelon in Fig. 35; note the inverted polarity’ 
Fig. 39. An unorganized 6-nucleate embryo sac from the right lobe of! 


Fig. 35. L.s. ovary (diagrammatic). x 14. 


in one of them. x 384. 
the mamelon in Fig. 40. x 384. 


ganized and one of them is two-nucleate. x 384. 


Fig. 40. L.s. carpel at 6-nucleaté stage of the embryo sac; the! 
tip of the mamelon extends approximately up to half thelength of the style ( diagrammatic). x 14. 
Fig. 41. Embryo sac from the left lobe of the mamelon in Fig. 40; the antipodal cells have or- | 


Fig. 38. Two 6-nucleate} 
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integuments and on the analogy of what 
happens in other angiosperms, the side 
towards which the hypodermal arche- 
sporium differentiates may be considered 
as micropylar. There is no doubt that 
the lobes represent rudimentary ovules 
( see also Treub, 1881; Schaeppi & Steindl, 
1942; Maheshwari & Singh, 1952; Mahesh- 
wari, Johri & Dixit, 1957 ). 

MEGASPOROGENESIS AND FEMALE GA- 
METOPHYTE — One to four hypodermal 
archesporial cells differentiate in each 
lobe. of the mamelon (Fig. 26), but 
usually only one or two develop further. 
They elongate, become more or less 
spindle-shaped and function directly as 
megaspore mother cells ( Fig. 28). Dyads 
and linear tetrads are formed as usual 
( Figs. 30-34) and the basal megaspore 
functions. Occasionally, the second or 
the third one may also develop. 

During meiosis, the ovarian tissue 
immediately below the mamelon becomes 
thick-walled and organizes into the col- 
lenchymatous tube. 

The nucleus of the functional megaspore 
divides twice, resulting in 2- and 4-nucleate 
embryo sacs ( Figs. 35, 36). The upper 
ends of the embryo sacs elongate con- 
siderably and carry with them the two 
upper nuclei ( Figs. 37, 39). The length 
of the 4-nucleate embryo sacs varies from 
544 to 1244 microns. 

The two lower nuclei of the 4-nucleate 
embryo sac divide first, resulting in a 
6-nucleate gametophyte ( Fig. 39). Only 
two antipodal cells are formed, of which 
the subterminal is binucleate ( Figs. 38, 40, 
41). 

Schaeppi & Steindl (1942) misinter- 
preted the antipodal cells as the three 
non-functioning megaspores. They also 
missed the 6-nucleate condition of the 
embryo sac in Lepeostegeres gemmiflorus. 
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Normally only a single embryo sack 
develops in each lobe of the mamelon, builf 
sometimes two to three may grow con) 
currently (Figs. 35, 38, 40). Such à 
condition owes itself to the activity 0) 
more than one megaspore of the same 0) 
different tetrads. In one instance, one 
of the two 6-nucleate embryo sacs situate 
in the same lobe of the mamelon showec 
inverted polarity (Fig. 38). | 

The tip of the 6-nucleate embryo sat 
elongates upwards, and the two uppe? 
nuclei by one division form the egg appa 
ratus and the upper polar nucleus ( Figss 
46, 48a). Three to five embryo sacs 
develop simultaneously but do not extend 
beyond the apex of the mamelon ( Figs: 
42, 44,45). | 

The basal end of the embryo sac extend? 
downwards leaving the antipodal cells 7+! 
situ and forms a caecum which elongates 
as far as the base of the collenchymatoui! 
tube ( Figs. 42-45, 47, 48c ). 

Starch grains appear in the 4-nucleat¢ 
embryo sac and soon fill it almost comi 
pletely ( Figs. 37-41). As the gameto! 
phyte elongates and reaches maturity, the 
starch is first consumed around the egg! 
apparatus. At the lower end it is digested 
only after the development of the caecum.| 

ENDOSPERM AND EMBRYO — In several 
embryo sacs both the polar nuclei were! 
observed in the upper part ( Figs. 47, 48a) 
b) and this is the place where they fuse: 
After fertilization the primary endosperm 
nucleus moves down to the basal end 03 
the gametophyte (situated in the ovary || 
and produces a Cellular endosperm. It 
comprises four rows of cells of which only 
two rows can be seen in a longisection. | 

The earlier development of the pro- 
embryo was not observed but Figs. 50-53! 
show biseriate proembryos which have 
already descended into the ovary as fan 


Fics. 42-49 — Female gametophyte (anf, antipodals; cae, caecum; ct, collenchymatous tube; 
eg, egg Ip, lower polar nucleus; m, mamelon; s, synergid; sc, stylar canal; wp, upper polar nucleus ) 
.S. ovary with lower part of the style (diagrammatic). x 14. 
part of an 8-nucleate embryo sac from the right lobe of the mamelon in Fig. 42; note the downwardl 
Fig. 45. L.s. ovary and lower part of the style showing: 


Figs. 42, 44, 47. 


directed process or caecum. x 384. 


fully elongated embryo sacs; the caeca at the lower end have reached up to the base of the collen-i 
Fig. 46. Tip of embryo sac with the egg apparatus) 
c. Upper, middle and lower parts of the embryo) 


chymatous tube (diagrammatic). x 14. 
and upper polar nucleus. x 384. 


Figs. 48a, b, 


1 


Fig. 43. Lowen 


5 


sac marked ‘A’ in Fig. 47, showing the egg apparatus and upper polar nucleus, lower polar and! 
the antipodal cells respectively. x 384. Fig. 49. Schaeppi & Steindl’s (1942) Fig. 8h. | 
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Figs. 50-53 — Endosperm and embryo (ant, antipodal cells; cend, composite endosperm; ct, | 
collenchymatous tube; dot, degenerated ovarian tissue; emb, embryo; end, endosperm; sp, | 
suspensor ). Figs. 50, 52. Outline diagrams of Figs. 51 and 53. x 14. Fig. 51. Enlargement of || 
endosperm and proembryos from Fig. 50. x 168. Fig. 53. Composite endosperm and two || 
proembryos enlarged from Fig. 52. x 168. Note the persistent antipodals in Figs. 51 and 53; || 
in both cases the tip of the proembryo has reached as far as the base of the collenchymatous tube. || 
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Fies. 54-58 — Endosperm and embryo (emb, 
embryo; end, endosperm; sp, suspensor; vs, 
vascular skeleton). Fig. 54. T.s. young fruit 
showing endosperm and suspensor ( diagram- 
matic). x 26. Fig. 55. Endosperm enlarged from 
Fig. 54. x 198. Fig. 56. L.s. endosperm enclos- 
ing two embryos. x 15. Fig. 57. Endosperm and 
embryo together with vascular skeleton dissected 
out from the fruit. x 5. Fig. 58. Same, after 
removal of vascular skeleton. x 5. 


as the base of the collenchymatous tube. 
During this process the proembryos pass 
through the endosperms. Schaeppi & 
Steindl’s (1942) Fig. 8h (reproduced 
here as Fig. 49), which is supposed to 
show the proembryo, really represents the 
_ two antipodal cells, the upper of which is 
binucleate. 

The different endosperms developing 
in the same ovary show a conspicuous 
lateral growth above the collenchymatous 
tube, and they come close to each other 
and finally fuse into a composite structure 
(Figs. 52-55). At this stage the proem- 
bryos have reached the club-shaped stage 
and the suspensor is greatly coiled. 

Two to three proembryos develop si- 
multaneously, but only one of them 
grows further while the others abort. In 
one fruit two embryos were lying one 
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above the other ( Fig. 56). Singh (1952) 
and Narayana (1954) also observed 
such cases of false polyembryony in Den- 
drophthoe. 

Due to the coiling and twisting of the 
suspensor, the embryonal mass is drawn 
up to a central position in the composite 
endosperm. Subsequent development of 
the embryo and endosperm follows hand 
in hand. The lateral expansion of the 
endosperm is partially checked by the six 
carpellary traces, but it continues to grow 
between them ( Figs. 59, 60) and extends 
as far as the ring of the perianth and 
staminal traces. Thus, the endosperm 
becomes deeply 6-lobed ( Figs. 57-59). 

The embryo has now reached the di- 
cotyledonous stage and even at maturity 
the cotyledons remain free (Fig. 62). 
The radicular end projects beyond the 
endosperm and is studded with some 
papillate outgrowths. It shows a ring of 
five to six collateral, endarch bundles 
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Fics. 59-61 — Fruit (emb, embryo; end, en- 
dosperm; fe, fleshy coat; pz, parenchymatous 
zone; vz, vascular zone). Fig. 59. T.s. fruit, 
middle region (diagrammatic). x 6. Fig. 60. 
Part of pericarp marked B in Fig. 59. x 36. 
Fig. 61. Reticulate thickenings in endosperm 
cells from portion marked C (adjacent to the 
embryo ) in Fig. 59. x 194. 
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Fics. 62-68 — Fruit (ct, collenchymatous tube: emb, embryo; end, endosperm; fc, fleshy coat; 
%, parenchymatous zone; vl, viscid layer; vz, vascular zone). Fig. 62. L.s. mature fruit ( dia- 


grammatic ). x 10. Figs. 63-68. Transections at levels 63-68 marked in Fig. 62 ( diagrammatic ). 
x 10. 
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 guishable into three regions. 
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which continue up to the tips of the 
cotyledons. 

Fruit — The globose ‘ pseudoberry ’ 
encloses a ‘ naked’ seed in the sense that 
the seed coat is absent and the pericarp 
directly surrounds the massive endosperm 
( Figs. 62, 65, 66). Into the lobed base 


of the endosperm are wedged the rem- 


nants of the collenchymatous tube ( Figs. 
62, 67). The upper part is open like a 
flower-vase and shows six conical prongs 
( Figs. 62, 64). Similar prongs are also 
seen in Dendrcphthoe falcata (Singh, 
1952), Macrosolen ( Maheshwari & Singh, 
1952) and Lysiana ( Narayana, 1958a). 

Histologically the endosperm is distin- 
The epi- 


: dermis consists of small cells with dense 


cytoplasm and prominent nuclei. The 


_ middle region comprises large thin-walled 


- nin, 


cells containing degenerated nuclei, abun- 
dant starch grains, and occasionally tan- 
These are followed by three to four 
layers of reticulately thickened cells and 
two to three layers of flattened cells 
( Fig. 61). 

The cells of the embryo also contain 
abundant starch and sometimes tannin. 

The pericarp is composed of three dis- 
tinct zones. Next to the endosperm is the 
parenchymatous region consisting of thin- 
walled cells through which traverse the 
vascular traces to the perianth, androe- 
cium and the style (Figs. 59, 60, 62). 
Then follows a narrow region of broad 
and highly vacuolated cells some of which 
contain tannin. The outer fleshy zone of 
parenchymatous tissue is bounded by the 
cutinized epidermis ( Fig. 60). The vis- 
eid layer, characteristic of the Lorantha- 
ceae, develops only at the base of the 
endosperm around the vascular tissue 
( Figs. 62, 68). In most other members 
of the family it extends to almost three- 
fourths the length of the fruit. 

A comparison of the longitudinal ( Fig. 
62) and serial cross-sections (Figs. 63- 
68) of the fruit clearly brings out the 
above details. 


Summary 


The inflorescence of Lepeostegeres gem- 
miflorus bears 10 to 20 flowers which are 
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typically hexamerous and have a long, 
membranous calyculus. 

The floral organs arise in acropetal suc- 
cession — calyculus, perianth, androecium 
and gynoecium. Along with the other 
floral organs a 3-lobed mamelon develops 
from the base of the ovarian cavity. It is 
considered equivalent to a placenta and 
the basal lobes represent rudimentary 
ovules. 

The vascular supply of the flower is 
based on a hexamerous plan. The perianth 
and the androecium receive six bundles 
each which remain undivided. Three 
bundles traverse the style and bifurcate 
in the stigma. The calyculus is devoid of 
any vascular supply. 

The anther wall comprises the cuti- 
nized epidermis, an endothecium devoid 
of fibrous thickenings, a single middle 
layer and the glandular tapetum. The 
microspore cells undergo simultaneous 
reduction divisions. Cytokinesis takes 
place by furrowing resulting in tetrahedral 
and decussate tetrads. 

The pollen grains are tri-radiate with a 
thick and smooth exine. They are shed 
at the 2-celled stage. 

One to four hypodermal archesporial 
cells differentiate in each lobe of the 
mamelon. They function directly as me- 
gaspore mother cells. The tetrads are 
linear and the basal megaspore produces 
the embryo sac. 

The development of the female gameto- 
phyte is of the Polygonum type, but a 
6-nucleate condition precedes the 8- 
nucleate stage. Usually there are two 
antipodal cells of which the upper is 
binucleate. 

The tips of the embryo sacs elongate 
and reach up to one-fourth the length of 
the style. Their lower ends extend down- 
wards as far as the collenchymatous tube 
leaving the antipodals in situ. 

The endosperm is Cellular and is ini- 
tiated simultaneously in all the three or 
four sacs. Due to absorption of the 
intervening ovarian tissue separating the 
individual embryo sacs, the endosperms 
come close together and finally fuse to 
form a composite mass. 

Three to four layers of endosperm 
around the embryo show reticulate thicken- 
ings in the cells, 
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The proembryo is biseriate and due to 
the elongation of the suspensor cells it is 
gradually carried to the basal portion of 
the embryo sac which contains the endo- 
sperm. Further development occurs here. 
Normally a single embryo reaches matu- 
rity but occasionally two embryos may 
mature. The cotyledons do not fuse 
as in many other members of the Loran- 
thaceae but remain free. 

The fruit is a ‘ pseudoberry ’. The seed 
coat is absent and the pericarp directly 


Literature Cited 


DANSER, B. H. 1931. The Loranthaceae of the 
Netherlands Indies. Bull. Jard. bot. Buitenz. 
11: 233-519. 

Drxit, S. N. 1958. Morphological and embryo- 
logical studies in the family Loranthaceae. 
IV. Amyema Van Tiegh. Phytomorphology 
8: 346-364. 

Jour, B. M., AGRAwAL, J. S. & GARG, SUDHA 
1957. Morphological and embryological 
studies in the family Loranthaceae. I. Heli- 


canthes elastica ( Desr.) Dans. Phytomor- 
phology 7 : 336-354. 
MAHESHWARI, P. & SINGH, B. 1952. Embryo- 


logy of Macrosolen cochinchinensis. Bot. Gaz. 
114 : 20-32. 

— & Jonri, B. M. & Dixit, S. N. 1957. The 
floral morphology and embryology of the 
Loranthoideae ( Loranthaceae). J. Madras 
Univ. B. 27 : 121-136. 

NARAYANA, R. 1954. Contribution to the em- 


bryology of Dendrophthoe Mart. Phyto- 
morphology 4 : 173-179. 
— 1958a. Morphological and embryological 


studies in the family Loranthaceae. II. Ly- 


PHYTOMORPHOLOGY 


surrounds the endosperm. The visci 
layer is limited only to the basal portio 1 
of the fruit. | 
I am greatly indebted to Dr B. M. Johri, 
and Professor P. Maheshwari for their in-- 
valuable guidance and help throughout th 
course of this investigation, to Professor 
R. Misra of the Banaras Hindu University}, 
for encouragement, and to Mr S. P. Bhat- 
nagar and Miss Sudha Garg for assistance: 
in the preparation of the paper for pub- 
lication. 


siana exocarpi ( Behr.) Van Tiegh. Phyto 
morphology 8: 146-168. 

— 1958b. Morphological and embryological 
studies in the family Loranthaceae. III. 
Nuytsia floribunda (Labill) R.Br. Phyto- 
morphology 8: 306-323. 

ScHAEPPI, H. & STEINDL, F. 1942. Bliitenmor- 
phologische und embryologische Untersuch- 
ungen an Loranthoideen. Vjschr. naturf. 
Ges. Zürich 87 : 301-372. 

SINGH, B. 1952. The embryology of Dendroph- 
‘thoe falcata ( Linn. f.) Ettingsch. J. Linn. Soc. 
( Bot.) 53 : 449-473. | 

SMART, C. 1952. The life-history of Tupeia Cham. 
et Schl. Trans. roy. Soc. N.Z. 79: 459-466. | 

TREUB, M. 1881. Observations sur les Lorantha-! 
cées. I. Développement des sacs embryon- 
naires dans le Loranthus sphaerocarpus Bl. Il. , 
Embryogénie du Loranthus sphaerocarpus Bl. , 
Ann. Jard. bot. Buitenz. 2 : 54-76. | 

VAN TIEGHEM, PH. 1895. Sur le groupement! 
des espèces en genres dans la tribu des Ély-! 
tranthées de la famille des Loranthacées. | 
Bull. Soc. bot. Fr. 42: 433-449. | 


ER ET 


_ovule 


GINKGO, AN OVIPAROUS PLANT 


M. FAVRE-DUCHARTRE 


Laboratoire de Biologie Végétale de la Faculté des Sciences, 12 rue Cuvier, Paris Ve, France 


Ginkgo biloba was first classified among 
the Taxaceae (Engler & Prantl, 1889) 


- owing to the similarity of its mature seeds 


with those of Torreya and Cephalotaxus 
(Fig. 1). The subsequent discovery of 
ciliated spermatozoids by Hirasé ( 1895 ) 
led to its being classified, along with 
cycads, with the zoidogam gymnosperms 
(Van Tieghem, 1891). 

While characters of the male gameto- 
phyte of Ginkgo are of undoubted im- 
portance not less so are those of the 
and the female gametophyte. 
The ovular structures afford further inte- 
rest by the fact that they are comparable 
to the naked ovules of certain fossil 
plants. 

It is hoped to show in the following 
pages that although the mature seeds of 
Ginkgo — and of cycads — are very simi- 
lar in respect of size and organization to 
those of some gymnosperms (Fig. 1), 
the biological process through which 
such ovular and seminal structures have 
been acquired is greatly different in the 
two. 

Fig. 2 sums up the ontogenic cycle of 
Ginkgo, giving, for each of the 14 months 
of its duration, either a natural-size outline 
diagram of a longitudinal section of the 
ovule, of the isolated embryo or of the 
mature seed, or a 50 or 200 times enlarged 
view of the male! and female? gameto- 
phytes or of the proembryo. The present 
paper is a brief commentary on several 
stages of its life cycle, emphasizing only 


those features which distinguish it from 


other plants with naked ovules ( Favre- 
Duchartre, 1956). 


1. Seen as isolated from the nucellus (late 
April 1, May 1, June 1 ) or shown in situ in the 
pollen chamber. 

2. Generally limited to a portion taken from 
the micropylar region. 


Female Gametophyte 


In Paris, the ovules are pollinated dur- 
ing the second half of April, shortly 
after megaspore formation. Unpollinated 
female cones drop from the tree one 
month after anthesis when the prothalli 
contain 64 or 128 free nuclei. In polli- 
nated ovules the coenocytic phase of the 
female prothallus continues until the 
middle of June. The free nuclei divide 13 
times in succession, thus bringing their 
number perhaps to more than 8,000. The 
divisions are mitotic but not synchronous. 
They are initiated at the chalazal end and 
proceed toward the micropylar. Through- 
out the coenocytic phase, the prothallial 
cytoplasm adheres to the megaspore 
membrane, which at first consists of a 
homogeneous cellulose-pectic endospore. 
Later, towards the end of May, adds a 
covering exine formed by the nucellus and 
made up of a large number of short rods 
inserted perpendicular to the plane of the 
intine. 

At the end of the 14th?. mitotic wave, 
each nucleus is then isolated in an alveole, 
the peripheral cellulose-pectic membrane 
of which is independent of the megaspore 
membrane. During the subsequent pro- 
gressive filling of the large central vacuole, 
the nuclei situated along its periphery 
remain undivided. The tent-pole begins 
to protrude on the surface of the prothallus 
only in the middle of August — although 
as early as July anticlinal divisions can 
be observed at the place where it is des- 
tined to develop. They are perpendicular 
to the surface of the prothallus of which 
Lee ( 1955, Fig. 20 ) has given a very good 


3. This differs from the 13 previous ones in 
that the resulting nuclei are no longer free. 
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mi. 


Fic. 1a, 
Cephalotaxus drupacea ( x 2:5). 
mi, micropyle; 
sclerotesta; ® pr, ® prothallus. 


mm, megaspore membrane; 


photograph*. The formation of the tent- 
pole is probably caused by necrohormones 
released during the development of the 
nucellar pollen chamber. 

In late August the megaspore membrane 
is destroyed above the archegonia and the 
tent-pole, together with the nucellar cells 
at the floor of the pollen chamber to which 
it adhered. 

The curves in Fig. 3 show that as time 
elapses, there is an increase in the fresh 
and dry weight of the female prothallus. 
By comparing these curves it is possible 
to estimate the percentage of water in the 
prothallus at every stage: it will be ob- 
served that this remains high even at 
maturity being about 60 per cent of the 


4. Lee’s work was published in December 
1955, i.e. between the time when I made my 
results known officially in my Doctor’s thesis 
(May 17, 1955) and June 1956, when they 
appeared in print. Thus Lee and I did our work 


at the same time butindependently ofeach other. 


b — Diagrammatic longisections of mature seeds of Ginkgo biloba (x 3) and | 


ar, archegonia; c.p, pollen chamber; e, embryo; end, endotesta; | 
nuc, 


nucellus; s, suspensor; say, sarcotesta; scl, | 


whole mass. The increase in dry weight ! 
is connected with the accumulation of food | 
substances and appears only two months | 
after the increase in fresh weight, but | 
prior to the time of fertilization. Ferti- | 
lization has no effect on prothallial re- | 
serves and it cannot be determined | 
whether the prothallus is sterile or fertile 
by mere observation. | 

Fig. 4 gives an idea of the distribution 
of starch, lipids and lipoproteins in the 
female prothallus. 

STARCH — The first storage product is 
starch and this continues to be the most | 
important reserve food. Its elaboration 
in the amyloplasts of the prothallial cells 
begins as early as the end of June. In the 
epidermal cells the starch grains are small 
in size (4-5 uw) (Fig. 5a), while in the 
larger inner prothallial cells they reach a 
size of 15-20 u. They are simple, irregular 
in outline, and with a central hilum of 
indefinite shape ( Fig. 5a-e ). 
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Lıpıps — In a mature prothallus fixed 
in formalin and cut in the frozen state, 
lipids are observed (represented as black 

dots in Fig. 4) which stain with Sudan 
Black B. Their density decreases sharply 
from the epidermal cells inwards (Fig. 5a). 
These lipids are soluble in alcohol and are 
not rendered insoluble by killing agents 
containing potassium bichromate. 

LIPOPROTEINS—In late July, sidero- 
philic substances showing lipid reactions 
as well as the arginine reaction ( Millon- 
Deniges reaction is less conspicuous ) 
become precipitated in the vacuolar fluid 
of the cells in about the twelvth layer 
from outside ( Fig. 5b). In the middle of 
August, these reserves are also observed 
in the outer cells excepting the three outer- 
most layers which still lack them. At the 
end of August, only the epidermal layer 
‚is without them and remains so ( Fig. 4). 

During the maturation of the prothallus 
the concentration of vacuolar lipoproteins 
increases: at the deepest level the lipo- 
proteins are in colloidal solution in a single 
vacuole or in a small number of vacuoles 
( Fig. 5b ), consequently their appearance 
‘remains amorphous. Between the fifth 
and the second layer the vacuoles divide 
and the lipoproteins assume the shape of 
globules which are at first homogeneous 
(Fig. 5c) but later show nodulous pre- 
cipitates inside or on the boundaries of the 
‚small vacuoles ( Fig. 5d). After the signi- 
ficant hydration, which occurs in the pro- 
thallial cells of the mature ovules put on 
damp soil for several weeks (Fig. 2, 
May II, 3rd seed), lipoproteins return 
to the state of colloidal solution in all 
the cells containing them and are uni- 
formly distributed in one single large 
vacuole stainable in vivo by Neutral Red 
(Fig. 5e). 

Discussion — The lipoproteins reserves 
mentioned above are very much like 
aleurone grains which retain a high 
percentage of water and include among 
them lipids associated with protids. 

Stopes & Fujii (1906) observed that 
“ starch and proteic substances ” are also 
deposited in the prothalli of cycads before 
the growth of the central cell is completed. 
I have also ascertained that in Cycas, 
Encephalartos, Macrozamia and Bowenza, 
reserves are accumulated as densely in 


379 


sterile prothalli as in those containing an 
embryo. 

On the contrary, in Pinus and probably 
all Coniferales, it is generally conceded 
that reserves (with the exception of 
soluble glycosides ) accumulate only when 
the embryo begins to develop. Schnarf 
( 1933 ), for instance, divides the develop- 
ment of the female gametophyte of gymno- 
sperms into three periods: (a) the coeno- 
cytic phase; (b) the period which elapses 
between cell formation and fertilization; 
and (c) the period that follows fertilization. 
He adds: “ that with the beginning of the 
third period an especially rapid growth 
takes place, the intensity of which is 
definitely higher than that of the first 
growth period ”. We have confirmed this 
in Cephalotaxus drupacea where, in late 
June, starch is first deposited in the 
small cells situated in the centre of the 
female prothallus, fertilization occurring in 
the middle of the same month. It is only 
during the following months that the 
prothallial cells accumulate protidic and 
lipidic reserves ( Fig. 3, broken lines ). 


Development of the Archegonia 


I think that the formation of archegonia 
is at least partly induced by the develop- 
ment of the pollen chamber. 

The archegonial initials can be observed 
as early as the end of June. They soon 
divide to form the central cell and an outer 
cover cell. The latter divides anticlinally. 
The nucleus of the mature central cell is 
located just below the two neck cells 
(Fig. 2, August I). Its karyolymph is 
homogenous and contains lipoproteins 
while thin Feulgen-positive chromonema 
are uniformly distributed inside it. When 
prophase begins in nucleus of the central 
cell, the nuclei of the two neck cells are 
in metaphase, so that when the ventral 
canal mother cell and the egg are formed, 
the neck is composed of 4 cells, as also 
observed by Lee ( 1956 ). 

Various food substances accumulate in 
the central cell and the unfertilized egg 
cell (Fig. 6). 

(a) Small starch grains with an irregular 
outline are seen all along the inner surface. 

(b) At the bottom of the egg one or 
several large vacuoles contain lipoproteins 
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Fic. 2a — Diagrammatic representation of the ontogenic cycle of Ginkgo. For explanation see text, 
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Fic. 2b — Diagrammatic representation of the ontogenic cycle of Ginkgo. For explanation, see text. 
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Fic. 3 — Graph showing increase of fresh and dry weight in the prothalli of Ginkgo ( solid lines } 


and Cephalotaxus ( broken lines). 


which are precipitated by Regaud’s fixa- 
tive. The vacuoles are lighter than the 
other components of the cell. They are 
situated at the bottom of the archegonium 
because in nature the neck is directed 


Fic. 4 — Diagram of l.s. mature 2 prothallus 
of Ginkgo, showing two archegonia and tent- 
pole (open circles, starch; black dots, lipids; 
radial lines, lipoproteins). x 3. 


DAY WEIGHT 
FRESH WEIGHT 
DAY WEIGHT 


towards the ground. On artificially revers- 
ing the position of the ovule on the tree) 
the large lipoprotein vacuoles migrate 
towards the neck. \ 
(c) Lipoprotein granules of nucleat 
origin are scattered in the cell but dis- 
appear by the beginning of September. 
(d) Towards the close of the develop 
ment of the central cell and during thé 
maturation of the egg, an extremely largé 
number of grains of lipoprotein nature 
appear in the vacuoles which are uniform- 
ly scattered in the cytoplasm. Simul- 
taneously, the perivacuolar cytoplasm 
thickens and it is as intensely stained as 
the vacuolar condensations with the protid 
reactions ( Millon-Deniges and Baker’s 
arginine) and the lipid stains (Suda 
Black, Kulshitzky’s Haematoxylin ). 
reserves may be termed “ yolk ”. \ 
knowledge, in the plant kingdom they are 
found only in the gymnosperms. | 
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Male Gametogenesis 


The germination of the pollen grains 
begins about three weeks after their landin. 
in the pollen chamber (Fig. 2, May I). 


Fic. 5 — Cells of prothallus of Ginkgo. a. Three cells of the marginal layers of a mature 
prothallus fixed in formalin, frozen, cut and stained with Sudan Black B, note the sudanophilic 
cuticle on the left. b. Vacuolar precipitates of proteolipids in about the 12th layer from outside, 
late July. c. A cell of the 5th layer, mid-August, showing numerous globular vacuoles with 
proteolipidic content. d. More or less regular precipitates of proteolipids in a cell of the 6th 
layer, mid-August. e. Homogenous proteolipidic pseudosolution filling the single vacuole of a 
cell of the 2nd layer, early September. a.x 800; b-e. x 1250. 


lipoprotidic 
vacuole 


FıG. 6 — Unfertilized egg. 


es 


In late August the large nucleus of the 
body cell flattens perpendicularly to the 
axis of the two blepharoplasts: simul- 
taneously two globules are extruded and 
are drawn toward each of the blepharo- 
plasts. The chromonemata, very clearly 
observable when the nucleus is still 
spherical, begin to be invisible as it 
flattens, but they certainly stay on since 
they are reappearing at the time of 
prophase. 

The divisions of the nucleus of the body 
cell and of the central cell occur simul- 
taneously in any ovule. 


| JE : 


neck | 


ventral canal cell 


proteolipidic granules 


x 200. 


The Integument 


At the beginning of September ( Fig. 2 )} 
the ovules have no smell and are of a green 
colour but may be somewhat yellowishy 
if the two preceding months have been 
especially warm. Dissections of ovules: 
at this stage show three completely dif- 
ferentiated layers of integument ( Fig. 1 }:| 
The sarcotesta is the only living part of the 
integument. It is 5-6 mm thick in th 
equatorial region and 2-3 mm in th 
chalazal and micropylar regions. 
covered with a cutinized epidermis. 
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cuticle, about 15 u thick, caves in and is 
‘interrupted above the apochleilic stomata. 
The latter, distributed with a frequency 
of about 8 per square mm, are formed by 
two kidney-shaped cells filled with starch 
grains. In addition to the cuticle, the 
epidermal cells produce a wax which also 
like the cuticle stains with Sudan Black 
and is soluble in ether. It is not con- 
tinuous, but accumulates only above the 
cell membranes and thus simulates a net. 
Chloroplasts are present in the epidermal 
cells. Staining with Cresyl Blue reveals 
large vacuoles filled with certain pre- 
cipitates which stain brown with ferric 
chloride and are suggestive of tannins. 
Material fixed in formalin and stained with 
Sudan Black reveals lipidic droplets in the 
cytoplasm. Some epidermal cells contain 
monohydrate calcium oxalate crystals 
arranged in druses, 30-40 u in diameter, 
which may nearly fill the whole cell. 

Below the epidermis the bulk of the 
integument is formed of large turgescent 
cells whose size increases from 40x15 u, 
just below the epidermis, to about 200 x 
130 u close to the sclerotesta. With the 
increase in cell size there is a corresponding 
decrease in the number of chloroplasts and 
the size of the starch grains. 

The sclerotesta is now hard and 

' lignified being about 0-5 mm thick. 
The shell, it forms, is slightly flattened 
laterally and is generally provided with 
two ribs facing each other which re- 
presents the suture. It is unlignified in 
the micropylar half, thus forming as many 
| valves as there are ribs. 
The endotesta has an entirely withered 
appearance and presents two different 
aspects according as it is observed from 
above or from below the equatorial plane 
of the ovule. In the micropylar half it 
adheres to and lines the sclerotesta but 
has no connection with the nucellus. It is 
parchment-like, and has a gold-brown 
colour and is thin and translucent. Under 
the microscope it appears to be formed of 
the non-ornamented membranes of large 
cells laid in a direction parallel to the axis 
of the ovule. 

In the chalazal half, on the contrary, 
the endotesta always separates from the 
sclerotesta but is united with the nucel- 
} Jus, and is adherent to the prothallus. In 
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this region it is opaque, brittle, dark brown 
and of pearl-like consistency due to the 
wax formed on it. Under the microscope, 
it shows rows of cells with annular lignified 
thickenings, which, for a width of about 
three units, form ribs diverging from the 
hilum and going up to the equatorial 
plane of the ovule. This transfusion tissue 
forms wider and longer strands — reaching 
a few millimetres higher than the equa- 
torial plane of the ovule — along the ribs 
of the sclerotesta. 

Discussion — Large drupaceous ovules 
like those of Ginkgo are also met with in 
the cycads as well as in Podocarpus, Tor- 
veya and Cephalotaxus. Although there is 
some outward resemblance, these ovules 
differ from one another in the manner of 
development of the integument. 

In Ginkgo the membranous, the woody 
and the fleshy layers of the integument are 
fully differentiated even before fertilization 
( Favre-Duchartre, 1943 ) and it is impos- 
sible to distinguish sterile from fertile 
ovules without dissecting them. 

This is in contrast to other gymno- 
sperms, where a complete? differentiation 
of the sclerotesta takes place only after 
fertilization. 

In fact in Ginkgo it is possible to guess 
the age of the ovule from the lignification 
of this layer which sets in rather abruptly 
around August 15th, i.e. three weeks before 
fertilization. When lignified the ovules 
are hard to cut with a razor blade. In 
Cephalotaxus the hardening of the seed 
coat takes place about July 10th, i.e. ap- 
proximately four weeks after fertilization. 
Moreover, in the sterile ovules of Cephalo- 
taxus the integument remains soft and the 
whole ovule degenerates. 


Fertilization 


Fertilization is easy to observe in Gink- 
go. The “ nucellus-archegonial prothallial 
apex” can be easily extracted from the 


5. As Martens (1951 ) pointed out, the micro- 
pylar region of the ovule of Pinus laricio becomes 
lignified before fertilization, but this author 
specifies that “this stage of differentiation 
remains approximately unchanged at least till 
the formation of the embryo suspensors ”. We 
have observed the same in Taxus, Cephalotaxus 
and Ephedra, and it is also likely to be true of 
most gymnosperms, 
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integument on removing the micropylar 
part by a cut made perpendicular to the 
symmetrical axis of the ovule ( Fig. 7 ). 

In late August and the very first days 
of September all the nucelli appear alike. 
They have an ivory-white, glossy sur- 
face. . Under the ribs of the sclerotesta, 
when these are two in number their sagit- 
tal plane is marked only by a smooth 
ridge ( Figs. 2 and 7a). They are thick, 
and fleshy. When separated from the 
prothallus, the nucellus carries with it 
the megaspore membrane. The pollen 
chamber, which is dry, extends for 2 mm 
along the sagittal plane and for 1 mm in 
the direction perpendicular to it. Neither 
its hyaline sides nor the red-brown nucel- 
lar tip is in contact with the tent-pole. 
The pollen tubes, looking like minute re- 
fractive droplets and attached to the roof 
of the pollen chamber which is designated 
as type 1, are visible to the naked eye. 

In early September, for four to twelve 
days, a new type of nucellus (type 2) is 
observed, in about 20 per cent of the 
ovules ( Figs. 2 and 7b). The distinctive 
feature of these nucelli is the enlarged 
pollen chamber filled with liquid which 
distends its walls so that, as in type 1, 
they have no contact whatsoever with 
the tent-pole. The nucellus shows tiny 
radiating lines on the elliptical region 
where it is connected with the prothallus. 
In the sagittal plane two folds are seen 
to arise from the pollen chamber and 
extend towards the chalazal region of the 
nucellus. Owing to the flaccidity of the 
tissues it is very difficult to separate with 
a razor such a pollen chamber from the 
rest of the nucellus. The megaspore 
membrane and nucellus adhere closely and 
slide easily on the surface of the pro- 
thallus, because it is covered with a thin 
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FıG. 7 — Three successive aspects of the nucel- 
lusin a mature ovule. For explanation see text. 
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film of liquid which partly exudes when 
cut is made into the nucellus. This liquid] 
is acidic and shows a current red colourt 
with a Neutral Red solution in spring? 
water. 

This stage persists for 20-24 hours in) 
ovules kept on moist filter paper in petrii 
dishes and in which the integument hass 
been removed in the micropylar region) 
but retained in other parts. 

One day after the appearance of type 2! 
nucellus, comes the next which is desig-- 
nated as type 3 ( Figs. 2 and 7c). Suchi 
nucelli are thin, dry, parchment-like and| 
their colour gradually turns brown. Inıf 
these the pollen chamber has collapsed 
and adheres to the prothallus. In the 
free part of the nucellus, a thin, slightly 
crinkled fold runs along the sagittal plane. | 
When such a nucellus is removed from) 
the prothallus, the megaspore membrane: 
is seen sticking to it. No liquid or pol-. 
len tubes are ever seen in their pollen) 
chambers. 

The number of ovules showing type 3} 
(dry ) nucelli increase as that of type 1! 
(fleshy ) nucelli decrease and their per-) 
centage may go up to 100 the day after! 
the last ovules of type 2 ( pollen chambers | 
filled with liquid ) have been observed. 

From the foregoing it may be concluded | 
that types 1, 2 and 3 are successive stages: | 
the nucellar cells which were turgescent in! 
the beginning (stage 1) suddenly release; 
their vacuolar liquid, flooding the pollen! 
chamber with the “ fertilization liquid ”' 
in which spermatozoids swim (stage 2 ). | 
They then collapse and shrivel (stage 3 ).| 
This interpretation is confirmed by the! 
observation of nucelli kept in petri dishes 
and from which the micropylar part of the} 
integument had been removed. 

The three stages mentioned above, i.e., 
those with intact pollen tubes and those} 
from which spermatozoids are being or! 
have been released, can be told apart with) 
the naked eye. 

In Paris fertilization begins early ini 
September. During karyogamy, the 12) 
paternal chromosomes shorten and can be! 
clearly stained by the Feulgen reaction as} 
soon as the male pronucleus penetrates) 
the female pronucleus. During the first! 
somatic prophase, they mix with the 12} 
maternal chromosomes. | 
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RELATION BETWEEN OVULE AND MOTHER 
PLANT AT THE TIME OF FERTILIZATION — 
In order to define the inter-relations be- 
tween the ovule and the mother plant, 
we used 1 per cent eosin solution. These 
relations are interrupted as early as the 
beginning of September, i.e. approximate- 
ly at the time of fertilization. It must 
be admitted that the eosin solution, which 
runs through the xylem, is not a very 
good test of the interrelations between 
ovule and mother-plant, since the meta- 
bolites and oligodynamic factors run 
through a different channel, the phloem 
and their progress may be checked before 
that of the sap. 

One of the easiest ways to ascertain the 
degree of independence of the ovules is 
to separate them from the tree. Ferti- 
lization and the later development of the 
embryo can take place in ovules separated 
6 days before fertilization and kept on the 
soil. 

It is true that the earlier the separation 
from the tree, the smaller is the number of 
fertile ovules. Observations made in 1951 
showed that out of 93 ovules 4 were fertile 
when they were excised 6 days before 
fertilization, while there was 50 per cent 
fertility when the ovules were left on the 
tree. 

The above experiment was repeated in 
1957. Ovules were gathered on September 
2, just one day before the beginning of 
fertilization. Two trees were selected 
which for convenience will be designated 
as A and B®. The following table shows 
the percentage of fertile ovules. The 
numbers of ovules ranged from 195 to 
315. 


Trees A B 


Reference 11-2 per cent 6-6 per cent 
gathered on 7-6 per cent 17-9 per cent 
2-9-57 


The table calls for the following re- 
marks: 

1. Fertilization was less effective in 1957 
than in 1951, owing to a comparatively 
cold summer. Only 11-2 and 6-6 per cent 


6. A grew from a female branch grafted on 
one of the male Ginkgo trees from the Jardin des 
Plantes in Paris; B is a female Ginkgo tree from 
the Japanese garden of the Kahn foundation 
at Boulogne-Billancourt (Seine) in suburbs 
of Paris. 
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of ovules shed naturally from A and B 
respectively contained embryos; the rest 
were sterile. 

2. Unfertilized ovules gathered on Sep- 
tember 2, 1957, from A produced embryos 
only in 7-6 per cent of the cases, that is 
to say, much less than was normal. 

3. On the contrary, ovules collected on 
the same day from B and left as it was 
done for A’s ovules, on damp ground in 
the laboratory’s hot-house, showed ferti- 
lization in many more cases. This is easy 
to understand if it is recalled ( Favre- 
Duchartre, 1956) that, following com- 
paratively cold summers, oogenesis is de- 
layed more than spermatogenesis, and the 
consequent discrepancy in time causes 
ovule sterility since both male and female 
gametes can live only a few hours after 
their formation. Conditions in the hot- 
house favoured fertilization by accelerat- 
ing the maturation of female gametes 
and thus synchronizing it with spermato- 
genesis. It may be noted, however, that 
fertile ovules were obtained in greater 
percentage from B and lesser percentage 
from A. 

At any rate, there is no doubt that ferti- 
lization and the subsequent development 
of the embryo can take place in ovules 
separated from the mother plant when they 
are still unfertilized. ie 

On the contrary, in young seeds of 
Cephalotaxus drupacea, isolated from the 
tree even a month after fertilization, the 
embryo is adversely affected. After four 
months when mature seeds shed naturally 
from the tree and have an embryo 9 to 
10 mm long, the embryos in isolated 
seeds are still only 4-5 mm long and the 
prothallial reserves are also scarce. The 
seeds of Cephalotaxus are completely in- 
hibited if picked from the mother plant 
before maturity. 


The Embryo 


The first division is free nuclear and is 
soon followed by six others, so that, pro- 
embryos with 128 nuclei can be observed 
a single day after fertilization. This stage 
lasts for over 12 days. Cell walls are 
formed at the close of the 8th mitotic 
division immediately after 256 nuclei 
have been formed. 
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The cellular proembryo steadily de- 
velops within the female prothallus. Its 
growth is greatly influenced by the 
prevailing temperature. A suspensor like 
the one observed in the cycads or other 
gymnosperms is not formed. However, 
there is a cap-like structure formed by the 
upper cells, i.e. those towards the neck 
region of the archegonium. This cap is 
pierced through by the radicle at the time 
of germination. 

As soon as the embryo reaches its 
maximum size within the prothallus — 
which may occur only three months after 
fertilization when development has been 
accelerated in an incubator — it ger- 
minates without showing dormancy, if 
adequate water and suitable temperature 
are provided. 
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In nature the embryos may continue? 
to live for twelve months but only when\# 
the ovules are preserved in a damp place. li 
The prothallial cells, among which the'f 
embryo develops, need a high percentage: 
of water for survival. | 

Both fertilized and unfertilized ovules 
are shed from the tree at irregular inter- 
vals (from Oct. I to April: II; Fig. 2% 
and the ovules may either be sterile or 
enclose one or two embryos ranging from 
the coenocytic to the dicotyledonous stage. 

Discussion — The development of the 
seeds of Ginkgo is very different from that 
of conifers. For instance, the seeds of 
Pinus maritima are shed at a definite 
period which is of short duration (end of 
July). The embryo is then mature and 
capable of germinating immediately after 
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Fic. 8 — Diagram of the ontogenic cycle of Ginkgo biloba. For explanation see text. 
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Fic. 9 — Diagram of the ontogenic cycle of Cephalotaxus drupacea. For explanation see text. 


the dispersal of the seed’. It remains 
viable for several years when stored in a 
dry atmosphere. 


Systematic Considerations 


The most important features of the 
ontogenic cycle of Ginkgo are summarized 
in Fig. 8. The solid line represents the 
development of the female gametophyte 
and the dotted line that of the male 
gametophyte; pollination is represented by 
the dotted line coming close to the solid 
line, and fertilization in its merging into 
_the solid line. Hachures stand for the as- 
sociation between ovules and the mother 
“plant. These are shown wider as the as- 
sociation becomes less necessary. 

Fig. 9 shows a similar diagrammatic 
representation of the ontogenic cycle of 


7. Seeds of Pinus maritima, naturally liberat- 
ed from their cones on July 25th and germinated 
on August 3rd, produced seedlings which on 
September 9th grew 5-6 cm above ground. 


Cephalotaxus drupacea ( Favre-Duchartre, - 
1957). This affords a direct comparison 
of the duration of gametogenesis in the 
two genera. 

Emberger (1942, 1944) advocated 
the establishment of a new division: 
Prephanerogams to include Pterido- 
sperms and Cordaitales, previously re- 
garded as gymnosperms. ‘ The main fea- 
ture of Prephanerogams is to form no 
seed ”, (Emberger, 1949) — the seed 
being defined according to Mangenot 
(1945) as “an organ which origin- 
ates and develops from the fertilized 
ovule and as a consequence of fertiliza- 
tion ” 

In this survey of the ontogenic cycle of 
Ginkgo, several archaic features have been 
mentioned, three of which are obviously 
prephanerogamic. 

1. The prothallial cells as well as the 
food reserves in the female gamete are 
formed prior to fertilization. This is a 
feature of Prephanerogams in which, “ as 
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in an oviparous animal, nutritive elements 
are equally distributed in every germ, 
regardless of its being subsequently ferti- 
lized or not’ ( Mangenot, 1945 ). 

2. The lignification of the ovular integu- 
ment also takes place prior to fertiliza- 
tion, as in the Cordaitales and Pterido- 
sperms. Oliver (1903) points out that the 
unfertilized ovules of Stephanospermum 
( Pteridosperm ) are given the name of 
“seeds ’’, probably due to the conspicuous 
thickening of their integumentary tissues. 
He further believes that the seminal and 
ovular phases which are not clearly dif- 
ferentiated in the known paleozoic seeds 
became clearer in the course of evolution 
only when the hardening of the integu- 
ment was delayed until the beginning of 
embryogeny. 

3. The experiments discussed above 
show that fertilization and subsequent de- 
velopment of the embryo can take place 
in ovules separated from the tree, as was 
probably the case in the Pteridosperms 
and Cordaitales. Generally speaking, even 
when a large part of the embryonic de- 
velopment of Ginkgo takes place on the 
mother plant, the “seed” stage is not 
reached by the fertilized ovule. The 
embryo of Ginkgo, like Pteridophytes, is 


PHYTOMORPHOLOGY 


scarcely able to stand a dormant life: its 1! 


tissues and those of the female prothallus 'f 
require for their 'f 


which surround it 
survival a high percentage of water, 
against whose loss they are very illpro-| 
tected. 

In many ways, Ginkgo is comparable 
with several species of cycads which have |! 
remained at the same “ phylogenic level ” | 
(Emberger, 1952) as Ginkgo, ie. the | 
Prephanerogam stage. | 


Summary 


In Ginkgo the accumulation of starch, 
lipidic and lipoprotein reserves within the 
female prothallus, the massive elaboration 
of lipoprotein yolk in the archegonia and 
the lignification of the integument take 
place prior to fertilization and are com- 
pletely independent from it. Ovules 
severed from the mother plant before ferti- 
lization are capable of subsequent em- 
bryonic development. Such features, 
which are common to the Cycadales, 
Ginkgoales, Cordaitales and Pterido- 
sperms, lead to their assignment to the 
Prephanerogams which bear the same 
relation to Phanerogams which oviparous 
animals bear to the viviparous. 
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THE GAMETOPHYTE OF THE GRAMMITIDACEAE 


ALMA G. STOKEY & LENETTE R. 
Mount Holyoke College, South Hadley, Mass. 


The family Grammitidaceae consists of 
about 500 species of small epiphytic ferns 
in subtropics and tropics. This group was 
established by Presl (1836) as the tribe 
Grammitaceae in which he placed Gram- 
mitis, Xiphopteris, Cochlidium, and several 
genera later assigned to various other 
groups. The larger genera of this group 
were established early in the 19th century, 
but later most of the species, then known, 
were placed in the genus Polypodium. 
Diels ( 1902 ) did not recognize any gram- 
mitid genus. Christensen (1938) lists 
10 genera beginning with Cfenopteris as 
“numerous small tropical epiphytes, 
hitherto referred to Polypodium sub-genus 
Eupolypodium, but all very far from P. 
vulgare’. Among recent classifications, 
that of Ching ( 1940 ) was the first to give 
this group family status as Grammitaceae. 
Holttum (1946) listed the group as a 
segregate from the Polypodiaceae giving 
it the name Grammitidaceae. Copeland 
(1947) in his Polypodiaceae gave 3 
genera, Grammitis, Xiphopteris and Cteno- 
pteris, as primitive members of the group 
with 8 derived genera. Later (1951, 
1952) he recognized the Grammitidaceae 
as a family. We are using the nomen- 
clature of Copeland ( 1947, 1952, 1955 ). 

The accounts of the gametophyte are 
few in number and limited in extent. 
Goebel ( 1888 ) described the gametophyte 
of Polypodium obliquatum Bl. ( Grammatis 
obliquata Hassk.) from a collection made in 
Java during a study of the gametophyte 
of epiphytic ferns. He described without 
figures the mature thallus mentioning its 
slender elongated form, the thin dis- 
continuous cushion bearing archegonia, 
and the spine-like hairs on the margin. 
His Organographie ( 1930) gives figures of 
both the mature thallus and the spine-like 
hairs. The first account of the results of 
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germination of spores is a note by Cope- 
land (1951) of the work of Giauque; a 
further brief account is that of Copeland & 
Giauque (1950); there are no figures. 
Material for the present investigation 
was collected in Jamaica in July and 
August 1954, some by the senior author 
and some by G. R. Proctor, Botanist 
at the Institute of Jamaica. Obtaining 
pure cultures of ferns, whether the spores 
are collected from fruiting leaves in a 
greenhouse or in the open, often presents 
difficulties. This is particularly true of 
the grammitid ferns. Their habitat is in 
the mossy forest where they grow as 
epiphytes among larger ferns which fruit 
freely and shed many more spores, with 
the result that the grammitids, which 
bear relatively few spores, have a great 
many foreign spores clinging to their 
leaves. In a collection sent from the 
tropics several years earlier, the culture 
which developed contained a mixed col- 
lection of fern prothalli among which could 
be recognized 2 types of filmy ferns, 2 
polypod types, and at least one gram- 
mitid. We were able to obtain pure 
cultures of grammitids by washing the 
fresh leaves in running water with a 
camel’s hair brush, drying gently, cutting 
out the portion of the leaf with sporangia 
in good condition (where sporangia are 
just beginning to open ), and then sealing 
them with cellophane tape in smooth 
white paper. The Jamaican material so 
treated was sent by air mail to Amherst, 
Mass., and then planted promptly. 
Chlorophyll-bearing spores, such as those 
of the grammitids, germinate only when 
fresh. Our best germination was obtained 
from spores in sporangia which were just 
ready to open when the packets arriv- 
ed and not from those which had been 
shed during the journey. The cultures 
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obtained by this method gave every aspect 
of being pure. 

The same technique was used success- 
fully with Prosaptia contigua ( Forst.) Pr. 
[C. contigua ( Forst.) Holtt.] sent by the 
senior author from Ceylon, Feb. 1957, 
for the collection of which we are indebted 
to G. O. W. Ranasinha of the Roy. Bot. 
Garden, Perideniya, Ceylon; and C. gram- 
mitidis (R. Br.) J. Sm. sent by the junior 
author from New Zealand, Jan. 1958. 
Both species are still in culture. 

Following is the list of the Jamaican 
species included in this investigation and 
the length of time each was in culture: 

Grammitis graminea (Sw.) Copel., 1 year; 
G. limbata Fée, 8 months; G. marginella 
Sw., 7 months; G. ruglessi Proctor, 10 
weeks; G. trifurcata ( L.) Copel., 7 months; 
Xiphopteris basiattenuata ( Jenm.) Copel. 
7 months; X. delitescens ( Maxon ) Copel., 
16 months; X. griesbachii ( Underw.) 
Copel., 44 months; X. myosuroides ( Sw.) 
Kaulf., 3 months; X. nimbata ( Jenm.) 
Copel., 4 months; X. trichomanoides ( Sw.) 
Copel., 3 months; X. serrulata (Sw.) Kaulf., 
3 years; Ctenopteris anfratuosa ( Kze.) 
Copel. (Polypodium induens Maxon), 
64 months; C. aromatica ( Maxon ) Copel., 
4 months; C. curvata (Sw.) Copel., 34 
months; C. elastica ( Bory ) Copel., ( Poly- 
podium cultratum Willd.), 7 months; C. 
exornans (Maxon) Copel., 3 years; C. 
jenmani ( Underw.: Maxon) Copel., 4 years; 
C. jubaeforme ( Kaulf.) J. Sm., 2 years; 
Cmeridensis A Klotzsch)" Copel 7 2: 
brunneo-viride Bak. ex Jenm.), 1 year; 
C. mollissima (Fee) Copel., 1 year; C. 
moniliformis (Lag.: Sw.) J. Sm. 2 months; 


C. rigens (Maxon) Copel., 34 years; 
C. semihirsuta (Klotzsch) Copel., 7 
months; .C. suspensa (L.) Copel. (C. 


asplenifolium L.), 4 years. 

We had in culture also spores from 
Costa Rica, Java and Hawaii, but we were 
less sure of the purity of the cultures as 
the leaves were not handled with the 
technique used on our Jamaican collec- 
tions, but the dominant prothalli were 
certainly those of the Grammitidaceae. 
This material from other regions agreed 
with the Jamaican in general habit and 
behaviour and the prothalli have not 
shown any features which we have not 
found in our other cultures, 
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The spores of the Grammitidaceae are | 
globose with tripartite ridges which are 
conspicuous in some species and scarce- 
ly visible in others (Figs. 1, 2). They | 
regularly contain chlorophyll. The sur- 
face may be almost smooth, slightly rough, |! 
or coarsely tuberculate. There is great | 
variation in size in different species and || 
considerable variation within a species; | 
those of C. jenmani average 28 y; those 
of C rigens average 61 u and range | 
from 51 to 66 u. In some material the, 
spores had divided into 2-3 cells while | 
still within the sporecoat and before dis- 
charge from the sporangium. Grammitid | 
spores, like other fern spores containing 
chlorophyll, do not withstand drying, but | 
under culture conditions they may remain 
alive for many weeks with little or no sign 
of activity. 

The mode of germination is not as 
uniform as is usually the case in the higher 
families of ferns. The most common and 
characteristic type was the division of the 
green spore into 2 cells, equal or subequal 
( Figs. 3, 12), with subsequent divisions | 
forming a filament with a bulbous green 
cell at the base ( Figs. 5, 6, 10, 19), or the | 
first 2 cells may persist as bulbous green | 
cells ( Fig. 13). Growth may proceed in 
2 directions from the bulbous cell ( Fig. 4 ) 
or even in 3 ( Fig. 24). Branching of the | 
filament occurs sooner or later ( Fig. 10). 
However, in some species the products of | 
germination may be more complicated, | 
beginning with a mass or plate which 
produces one or more filaments, as in X. 
nimbata ( Figs. 14, 15), X. trichomanoides 
( Figs. 7, 8), C. rigens (Fig: 9) and CA! 
aromatica ( Figs. 17, 18). Even in species 
which typically and regularly produce a 
mass or plate, the simpler type of germi- 
nation may occur, especially if belated. 
In culture, the spores remaining within the | 
sporangium after it has ruptured may | 
grow as a mass, plate or filament ( Figs. 17, 
19). In all cultures growth was exceed- 
ingly slow. Copeland (1951) describes 
their natural habitat in the mossy forest 
as “a place of slow physiological pro- 
cesses '’. The summer temperature in 
Massachusetts and those of heated labora- 
tories in winter is considerably higher than 
those in Jamaica at the altitude at which 
the spores were collected. We infer from 
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Fies. 1-23 — Spore» and early stages of gametophyte. Fig. 1. X. tvichomanoides, Spore. 
Fig. 2. C. jenmani, Spore. Figs. 3-5. G. graminea, Young thallus. Fig. 3. After 6 days. Figs, 
4, 5. 15 days. Fig. 6. C. jubaeforme. Thallus, 2 months. Figs. 7, 8. X. trichomanoides. Thallus, 
2 months. Fig. 9. C. rigens, Branched thallus, 2 months. Fig. 10. G. limbata, Branched thallus. 
11 weeks. Fig. 11. C. elastica, Thallus, 8 weeks. Figs. 12, 13. C. meridense, 9 weeks, 15 weeks. 
Figs. 14, 15. X. nimbata, 15 days. Fig. 16. C. moniliforme, 2 months. Figs. 17, 18. C. aromatica. 
Fig. 17. Germination in broken sporangium. Fig. 18. Thallus, 54 days. Fig. 19. X. griesbachii, 
Germination in broken sporangium, 71 days. Figs. 20-22. C. exornans. Fig. 20. Thallus with 
chloroplasts in rhizoid. Fig. 21. Terminal cell before division. Fig. 22. After division. Fig. 23. C. 
mollissima, Young cells at tip of filament. Figs. 1, 2. x 300. Figs. 3-8, 10, 12, 13, 15, 16, 21-23. 
DEI 44a haps lle 18 tonne 1752 ESS IL 207x180. Eier 17. x 110, 
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their slow development in culture that 
there is little change of pace when they are 
placed in temperatures which might ap- 
appear to be more favourable. It was 
unusual for as many as 4-5 cells to be 
formed in 15 days, and few species formed 
as many as 10-12 cells in 10 weeks. This 
suggests the rate in the Hymenophyllaceae 
( Stokey, 1940). Two of the more rapidly 
growing species were X. serrulata and C. 
suspensa; the former produced 15-30 cells 
and one rhizoid in 9 weeks; the latter 
formed 15-17 cells in 9 weeks, and 42 cells 
with 8 rhizoids in 15 weeks. In some 
cultures of the slower species 10-12 weeks 
old, many, if not most of the filaments, 
had only 3-6 cells. 

The time of appearance of the first 
rhizoid is variable, but we have not found 
it appearing at germination, as is the 
habit in the higher ferns. It is typically 
a belated structure. It rarely appears 
when there are as few as 3 green cells in 
the thallus (Figs. 6-8, 20), and more 
often it does not appear until there are 
at least 5-10 ( Figs. 13, 14, 16); frequently 
the filament is even longer ( Fig. 10), and 
there may be over 40 green cells without a 
rhizoid. In a culture of X. griesbachii, 4 
months old, consisting of vigorous branch- 
ing filaments of various sizes up to 43 
cells, no rhizoids were found. Occasionally 
there are cases which appear to be excep- 
tions: in a culture of C. elastica, 11 weeks 
old, there was a 2-celled green filament 
with a short rhizoid; in a culture of X. 
myosuroides, 10 weeks old, in which the 
longest filament had 3 cells, there was a 
single, green, slightly elongated cell bear- 
ing a short, brown sharply differentiated 
rhizoid. The slender form and dark 
brown colour of the rhizoids are in mark- 
ed contrast to the bright green cells of 
the thallus. Chloroplasts are unusual in 
young rhizoids but are present occa- 
sionally (Fig. 20). After growth is 
established, there may be 2 or even 3 
rhizoids developing on the basal cell ( Figs. 
11724) 

À prolonged and extensive development 
of the filamentous stage is characteristic 
of the grammitid gametophyte. This is 
unlike the habit of higher ferns. The fila- 
mentous stage may continue indefinitely 
under certain undetermined conditions 
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and persist for months or even years. | 
Branching of the filament may begin | 
very early, especially in the case of mass 
or plate germination ( Fig. 9), and con- | 
tinue extensively. In several cases an | 
early plate stage suggested a Hymeno- 
phyllum type of germination (Fig. 16), 
but the growth in 3 directions was usually 
related to the mass type of germination, 
with division in the third plane, quite 
unlike that of the Hymenophyllaceae. 

In many of our species the filament has 
a bead-like aspect resulting from the small | 
diameter of the cross wall and the outward | 
bulging of the longitudinal walls ( Figs. 6, 
10, 11, 13, 19, 20, 23 ); this was, perhaps, 
most noticeable in X. griesbachu, X. 
limbata, X. myosuroides, C. jubaeforme, and 
C. mollissima, and to a less degree in other 
species. In some species — G. graminea, 
X. nimbata, C. aromatica, C. moniliforme, 
C. rigens and C. suspensa — the cross wall 
is larger and the cells of the filament are | 
barrel-shaped rather than bead-like ( Figs. 
9, 14, 16, 24, 25); even in these species 
there may be filaments which are more 
nearly bead-like, especially secondary fila- 
ments growing from plates. Certain 
species — X. trichomanoides, C. elastica, C. 
exornans and C. jenmani — seem to be 
intermediate in regard to form of cells in | 
the filament. | 

Increase in length in the filament is | 
ordinarily brought about by division of | 
the terminal cell, rarely by division of | 
older cells. The division of the tip cell | 
is usually so unequal as to suggest | 
“ budding ” ( Figs. 6, 10, 11, 19). Before 
division there is a massing of chloroplasts | 
at the tip of the cell and formation of a 
constricted region containing the nucleus | 
(Figs. 21-23). A similar elongation of | 
the terminal cell may be found in all forms | 
of the filament whether or not they are | 
conspicuously bead-like. | 

Growth in the gametophyte is so slow | 
and the attainment of the platestageisso | 
much belated that it appeared in less than | 
half of the species in culture, although in | 
lesser time most higher ferns would have 
matured and even produced sporophytes. 
The plate developed earliest in G. graminea | 
in which the filament began broadening in | 
2 months. X. delitescens began to form | 
plates at 3 months and C. suspensa shortly 
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Fics. 24-33 — Later stages of thallus. Fig. 24A, B. C. suspensa; A, Branching filament with 
plates, after 31 months; B, Detail of tip. Figs. 25, 26. C. anfratuosa. Filament with longitudinal 
divisions behind tip, 4 months. Fig. 26A. Thallus, 6 months; B, detail of margin of A. Fig. 27. 
C. suspensa, Thallus, 4 months, filament at base with antheridium. Figs. 28, 29. C. rigens, Apex 
of plate, 2 types, 32 months. Fig. 30. X. delitescens, Thallus with antheridia, archegonia, branched 
hairs, 10 4 months. Figs. 31-33. C. suspensa. Figs. 31, 32. Thallus with antheridia, archegonia, 


branched and acicular hairs, 10 } months, 19 months. Fig. 33. Branched thallus, interrupted 
Fig. 24A. X 30. Figs. 24B, 26B, 


midrib, antheridia, archegonia, branched and acicular hairs. 
28, 29. x 175. Fig. 26A. x 40. Fig. 27. x 16. Fig. 30. x 13. Figs. 31-33. x 11. 
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after that (Fig. 24,). In C. grammitidis 
the plate stage began when the gameto- 
phytes were nearly 3 months old, and 
shortly after that there were plates con- 
sisting of 10-30 cells. In Prosaptia con- 
tigua the plate appeared at 3 months, in 
C. anfratuosa, C. aromatica and C. semi- 
hirsuta at 4 months. It was nearly a year 
before plates were initiated in C. jenmanı, 
C. jubaeforme and C. rigens. Six species, 
which were in culture 6-12 months, were 
pèrsistently filamentous. Such cultures 
give the appearance of a velvety green 
turf similar in aspect to some cultures of 
the Hymenophyllaceae. 

Plate formation usually begins by longi- 
tudinal or oblique divisions in the terminal 
cell of a filament and in several cells 
behind it ( Fig. 24), but occasionally the 
latter divide first ( Fig. 25). The divi- 
sions in the apex result in a wedge-shaped 
cell which makes a few oblique divisions, 
seldom more than 4 or 5 ( Figs. 24A, B, 
29), before producing a multicellular 
marginal meristem ( Fig. 28). The apical 
cell stage is sometimes omitted. The 
plate is usually spatulate in the early 
stages, and the cordate stage appears 
rather slowly ( Figs. 24, 27). A prothallus 
such as that of C. anfratuosa ( Fig. 26A ) 
with a cordate plate terminating a pri- 
mary unbranched filament is unusual at 6 
months. 

In those species in which the gameto- 
phyte attained maturity, it developed as 
a thin elongate thallus with a lobed apex 
( Figs. 30-32). The mature gametophyte 
is usually flat, but in G. graminea, X. 
delitescens, C. rigens and C. suspensa it 
showed some lobing and ruffling, parti- 
cularly in older cultures. The midrib is 
usually narrow and it is only 2 cells thick 
when archegonia appear, later attaining a 
thickness of 3, rarely 4 cells, in the heavier 
parts of the thallus (Fig. 82A, B, C). 
The midrib may be intermittent with a 
correspondingly intermittent production 
of archegonia (Fig. 33). Branching of 
the mature thallus was of rare occurrence, 
but it occured in X. delitescens when a 
year old and in C. suspensa at 4 years 
( Fig. 33). The character of the mature 
gametophyte in culture agrees with that 
described by Goebel (1888) for those 
collected in the open, 
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Rhizoids are marginal or submarginal! 
on the younger thalli and even on the! 
older. They are dark brown in colour, | 
firm, and more slender than is usual in, 
the higher ferns. Occasionally 2 rhizoids 
appear from one cell, one from the dorsal | 
and one from the ventral surface ( Fig. | 
26A, B). The development of marginal | 
rhizoids may be so abundant as to give! 
the appearance ofa fringe. As the gameto-! 
phyte matures and begins to bear arche-. 
gonia, rhizoids may develop on the ventral 
surface of the cushion ( Figs. 30, 32, 33), 
but this does not necessarily interrupt 
the continued development of marginal 
rhizoids. 

Hairs of various types may develop on 
the gametophytes. Simple papillate hairs 
are rare, but elongate 1, 2-celled hairs are 
not uncommon, especially on the margin 
(Fig. 41). Branched glandular hairs 
reach a high state of development. A 
hair may branch several times with one or 
more branches terminated by a glandular 
cell, as shown in a series of stages in 
development in C. jubaeforme ( Fig. 34). 
In X. delitescens one branch is usuall 
elongated and blunt (Figs. 35-37). There is 
considerable variation in the number of 
cells in a branched hair, commonly 3 in 
X. delitescens, 5-7 in C. exornans, and as 
many as 8-10 in C. suspensa (Fig. 38). | 
The glandular cell becomes brown after a | 
time and eventually shrivels (Fig. 37). | 
In C. jubaeforme and X. delitescens the | 
branched hair was the only type which | 
appeared; but C. jenmani and C. suspensa || 
bore acicular hairs in addition to straight | 
and branched hairs ( Figs. 39-43). These | 
acicular hairs are of the type which Goebel 
reported for Polypodium obliquatum (G. | 
obliquata ). Two types may arise from | 
the same cell (Fig. 39). Acicular hairs | 
may attain considerable length and may | 
also be septate (Fig. 43); the wall is | 
usually heavy with a yellowish tinge when | 
mature. The acicular hair was the only | 
type which appeared on the early plates of | 
C. jenmani, but later there was a heavy | 
development of both branched and | 
acicular hairs. In all our species both | 
branched and acicular hairs are borne | 
characteristically on the margin rather 
than on the surface, and they may form | 
a veritable thicket as they develop from | 


| 


Fics. 34-50 — Hairs; vegetative reproduction. Figs. 34, 44. C. jubaeforme. Figs. 35-37. 
X. delitescens. Figs. 38-43. C. suspensa. Figs. 45, 46. X. serrulata. Figs. 47, 48. C. mollissima. 
Fig. 49. C. elastica. Fig. 50. C. exornans. Fig. 34, Tip of thallus, 17 months; stages in develop- 
ment of branched hairs. Figs. 35-38. Branched hairs. Fig. 39. Cell with both branched and 
acicular hair. Fig. 40. Apex of thallus of Fig. 32 with branched and acicular hairs. Fig. 41. Margin 
of thallus with hairs. Fig. 42. Acicular hair. Fig. 43. Two-celled acicular hair. Fig. 44. Thallus 
with regenerated branches. Figs. 45-50. Portions of fragmented filaments. Figs. 34, 38. x 180. 
Figs. 35-37, 39, 41, 42, 47. x 225. Fig. 40. x 71. Figs. 43, 49, 50. x 110. Fig. 44. x 56. Figs. 
45, 46, 48. x 175. 
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cells near the notch (Figs. 32, 40). In 
only two of our species were hairs 
found on the surface (Figs. 30,32). Hairs 


usually develop after the plates become 
cordate, or at least lobed at the apex, but 
not all species which produced plates bore 
hairs. In the Cyatheaceae ( Stokey, 1930) 
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the development of multicellular hairs is 
associated with maturity and the ap- 
pearance of archegonia, but this is not the 
case in the Grammitidaceae. C. jenmani, 
which bore acicular hairs at 8 months, did 
not develop branched hairs and arche- 
gonia until more than 3 years old. The 


51-65 
Fig. 53. Young antheridium on lateral branch of fragmented filament. 


Fics. — Antheridium, 
basal cell. 


Mature antheridium; divided cap cell. 


56. Antheridium on cells raised from surface of thallus. 
Fig. 58. Mature, on surface of plate; short basal cell. 


rhizoid, 
short branches; posterior part of thallus. 
Fig. 64. Same, after discharge of sperms. 
C. rigens. Figs. 52, 54, 56. G. graminea. 


external views. 


Fig. 57. Antheridium on surface of plate. 


Fig. 62. Stages of antheridium on 


Fig. 60. X. delitescens. 
All x 320, except Fig. 62. x 230. 


Figs. 51, 53, 58, 59. 


Figs. 51, 52. Young antheridium; long 
Fig. 54 
Fig. 55. Antheridium on short branch of filament. Fig. 


Fig. 59. Mature, on margin of thallus near 
Fig. 60. Top view. Fig. 61. Top view on filament. | 
Fig. 63. Mature, pendulous; on posterior part of thallus. 
65. Empty, 6n surface of thallus. 
Figs. 55, 57, 65. C. jubaeforme. 

Fig. 61. C. exornans. Figs. 62-64. C. suspensa. 


| 
| 
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thallus of C. rigens reached the stage of 
bearing antheridia and archegonia but did 
not form hairs. 

The cells of the filament hold together 
firmly in the young stages, but later, 
especially during the protracted fila- 
mentous stage, there is a strong tendency 
toward fragmentation of the filaments; 
it is apparently a process of some regu- 
larity in the life history. After cultures 
are several months old, whether they 
consist of filaments only or filaments and 
plates, some of the cross walls of the fila- 
ments take on a brownish tinge and appear 
to thicken slightly, although the cells are 
healthy green in colour with an abundant 
supply of chloroplasts. There is then a 
breaking up of the filaments, where the 
cross wall has undergone modification, 
and the culture contains a large number of 
fragments consisting of one to several cells 
with or without rhizoids ( Figs. 45-50). 
These are then free to grow as independent 
units, and in places, where they can be 
carried by water currents, doubtless pro- 
vide a means of vegetative propagation. 
Fig. 53 shows a portion of such a filament 


on which an antheridium was present 
at the time of fragmentation. Segments 
are also formed by the breaking up of 
filamentous outgrowths from the margins 
of expanded gametophyte plates. 
Vegetative propagation by plate-like 
outgrowths, such as are common in many 
families of ferns, was rare in cultures; 
these were found in only 5 species: G. 
graminea, P. contigua, C. rigens, C. sus- 
pensa, and C. jubaeforme ( Fig. 44). This 
method may not be of great importance 
in a group in which vegetative propagation 
can be brought about so freely by frag- 
mentation of a filamentous thallus. 


Sex Organs 


Sex organs appeared late in the develop- 
ment of the gametophyte of the Gram- 
mitidaceae, later than in any family except 
the Hymenophyllaceae. Antheridia were 
found in 8 species: G. graminea, X. 
delitescens, X. serrulata, C. exornans, C. 
jenmant, C. jubaeforme, C. rigens and C. 
suspensa. Archegonia appeared in all 
these species except G. graminea. 


Fics. 66-74 — Development of antheridium. Figs. 66-68.” Stages in development; long 
columnar basal cell. Figs. 69, 70. Stages in development; short columnar basal cell. Fig. 71. 
Short basal cell. Figs. 72, 73. Stages in development on short branches; posterior part 
thallus. Fig. 74. Basal cell; intermediate in type. Figs. 66-68. G. graminea. Figs. 69, 74. X. 
delitescens. Figs. 70-73. C. suspensa. All x 320. 
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ANTHERIDIUM — No antheridia were 
found in any species until they were 9-10 
months old, and in most cases it was 
several months or a year later. They are 
usually borne on the ventral surface, 
sometimes among archegonia, or alter- 
nating with groups of archegonia ( Figs. 
31-33). They may also develop on the 
dorsal surface, rarely on the margins. In 
some species they were found on filaments, 
but none were found in a purely fila- 
mentous culture. 


Fics. 75-87 — Archegonium; thallus; apogamy. Figs. 75-78. L.s. of archegonium; stages ia| 
Figs. 79, 80. Mature archegonium. Fig. 81. L.s. of thallus, one year old. Fig. 82A-C. | 
A, L.s. of old thallus; B, detail of apex; C, detail of thickest part. 


development. 


gamous sporophyte. 


83. x 9. Figs. 84, 85. x 13. 
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a Fig. 84. Thallus with archegonia and ; | 
Fig. 85. Thallus with 2 apogamous sporophytes; 1 us ee. | 
thallus with 3 stages of apogamy. Figs. 75-80, 82. C."suspensa. 
83-87. X. serrulata. Figs. 75-80. x 320. Figs. 81, 82B, C, 86, 87. x 42. 
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The antheridium is of the type of the! 
higher ferns with a 3-celled wall. It} 
varies in form with the species and fre-| 
quently within the species. There is a! 
tendency toward a long basal cell which 
makes a pendulous antheridium, as in G. | 
graminea ( Figs. 52, 54, 66-68), C. rigens | 
( Figs. 51, 53), and C. suspensa ( Fig. 63 ), || 
but occasionally there are short basal cells 
found in these species especially on older 
prothalli ( Figs. 58, 59, 71). The cap cell 


is usually divided in C. suspensa ( Fig. 63 ), 


Fig. 83. Thallus with apo- | 
Fig. 86. L.s. of Fig. 85. Fig. 87. L.s. of 
Fig. 81. X. delitescens. Figs. | 
Fig. 82A. x 12. Bigs 
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C. jenmani, and sometimes in G. graminea 
(Fig. 54). The basal cell of C. exornans 
and C. jubaeforme (Fig. 57) is of inter- 
mediate length and the cap cell is un- 
divided (Fig. 61). X. delitescens shows 
some varlations; the basal cell is short, 
and the cap cell may be divided ( Fig. 74 ) 
or undivided (Fig. 60). Development of 
the antheridium takes place in the usual 
way from a papillate cell, the antheridial 
initial, which arises on a filament or on 
the surface of the thallus ( Figs. 66-71). 
Antheridia are frequently produced on 1- 
2-celled branches or cells raised from the 
surface of the thallus ( Figs. 53, 55, 56). 
In C. suspensa the antheridia may be pro- 
duced on short branches, sometimes in 
groups, especially at the posterior end of 
of the thallus, either on the surface or on 
a filament behind the plate (Fig. 27). 
Dehiscence was not observed, but empty 
antheridia showed a lateral pore in the 
cap cell ( Figs. 64, 65 ). 

ARCHEGONIUM — The earliest appear- 
ance of archegonia was in cultures of 
X. delitescens 10 months old. In other 
species archegonia did not appear for 1-2 
years, and in C. jenmani not until the 
cultures were neariy 4 years old. The 
archegonia develop behind the notch when 
the midrib is only 2 cells thick ( Fig. 81), 
and, as the midrib is usually narrow, there 
are seldom more than a few formed at 
one time. Material for sectioning was, 
therefore, not abundant but sufficient to 
show that the development of the arche- 
gonium takes place in the usual way 
(Figs. 75-78). A basal cell is clearly 
shown ( Figs. 76-78 ); it takes part in the 
formation of the jacket layer, surrounding 
the mature egg ( Figs. 79, 80). Thelower 
cells of the neck divide, also contributing 
to the jacket layer (Figs. 79,80). The 
mature archegonium has a short bulbous 
neck inclined away from the notch ( Fig. 
80). In older thalli of X. delitescens 
irregularities appeared, and the archegonia 
“were unusual in appearance, but did not 
suggest apogamy. 

APOGAMY — Although both archegonia 
and antheridia which had discharged 
sperm were found on the gametophytes in 
cultures of X. serrulata, apogamous sporo- 
phytes appeared when the cultures were 
about a year old ( Figs. 83-85). It was 


not unusual to find 2 embryos on a 
thallus ( Figs. 84-86); they develop in 
succession one behind the other, and even 
3 may be formed as shown in Fig. 87 
which has one large apogamous embryo, 
and, nearer the notch, the beginnings of 2 
others. Several of the apogamous sporo- 
phytes remained in culture for over 2 
years. 


Discussion 


The gametophyte of the grammitid 
ferns has been compared to that of the 
filmy ferns (Copeland, 1951; Copeland & 
Giauque, 1950). Our cultures do not 
indicate that the resemblance is close or 
significant. In both the groups there is a 
trilete spore containing chlorophyll; the 
spores of both groups germinate within the 
sporangium and even within the unopend 
spore coat. The rhizoids turn brown 
early. Both are prevailingly epiphytic. 
In some of the filmy ferns there is a 
filamentous stage during all or a large 
part of the life of the gametophyte. 

Germination in the filmy ferns is typi- 
cally in the form of a triangular plate 
with growth in 3 directions usually as 2 
filaments and a rhizoid (Stokey, 1940). 
This is very different from germination in 
the grammitids in which there is a filament 
arising from 1 or 2 bulbous basal cells, 
or less frequently (6 species in our 
cultures ) as a mass or plate. The mass 
type with the thickening of the young 
thallus is not known to occur in the 
Hymenophyllaceae. The plate type which 
was less frequent than the mass type in our 
material of the Grammitidaceae did not 
show triradiate symmetry except as a rare 
and random occurrence. Both germina- 
tion types — the mass and that from a 
bulbous basal cell — have been found in 
several species ( X. nimbata, C. anfratuosa, 
C. moniliforme ) without indication as to 
which is the original type. The gameto- 
phyte of the grammitids is more special- 
ized than that of the filmy ferns as shown 
by the bead-like form of the individual 
cells of the filament, the division by 
“budding” at tips of filaments, and the 
ready fragmentation of filaments. The 
slender dark brown marginal rhizoids 
sharply differentiated from the green cells, 
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the extensive development of the filament, 
and the slow growth may all be features 
related to the epiphytic habit common in 
both families. 

The mature thallus is distinctly different 
in the two families. In the Hymeno- 
phyllaceae it is either in the form of a 
much branched filament or a plate which 
develops as a branching ribbon bear- 
ing sex organs on discontinuous lateral 
cushions (Stokey, 1948), while in the 
Grammitidaceae a filamentous stage, 
which may be of long duration, is followed 
by the formation of a narrow cordate 
plate bearing sex organs on the midrib 
behind the notch. The antheridium is of 
the primitive type with a many-celled 
wall, while that of the grammitids is of 
the simple type found in the higher ferns 
and having a wall consisting of 3 (or 4) 
cells. The development and morphology 
of the gametophyte of the two groups is 
too unlike to indicate any close re- 
lationship. 

It is desirable to compare the gameto- 
phyte of the Grammitidaceae with that of 
the Polypodiaceae in view of the simi- 
larities which have kept the grammitids 
in the genus Polypodium at intermittent 
periods for over a century, and because the 
chromosome numbers 36 and 37 appear in 
both groups (Manton & Sledge, 1954; 
Brownlie, 1958). The gametophyte of 
the two groups is sufficiently different so 
that one familiar with that of the higher 
ferns need not fail to recognize those of 
the Grammitidaceae, particularly in the 
germination stages. The bulbous basal 
cell or cells, or the mass or plate, giving 
rise to the filament, the bead-like cells of 
the filament, the growth of the filament by 
“budding ”, the protracted filamentous 
stage, and the characteristic fragmentation 
of the filament are not known for any of 
the Polypodiaceae, or for any other of the 
higher ferns. In cultures of 38 species 
belonging’ to 20 genera of the Poly- 
podiaceae, we have found that the first 
rhizoid appears before, or simultaneously 
with the green filament, and any delay is 
unusual and apparently related to en- 
vironmental conditions; it is usually 
colourless and not the rust-brown colour 
which is characteristic of the later rhi- 
zoids. In Platycerium, however, the first 
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rhizoid is dark brown and slender, but: 
it appears before the green filament. | 

The mature stage would distinguish the! 
gametophyte of the grammitids from that: 
of most of the polypods, though not from. 
all. The elongated antheridium is much |! 
more common in the grammitids, as is the! 
divided cap cell. Multicellular hairs are! 
found in both families but are much more} 
abundant in the grammitids and appear” 
chiefly on the margin and rarely on the: 
surface, where are found the rather com-! 
plicated branched hairs of Platycerium or’ 
the simpler branched hairs of other genera, | 
e.g. Belvisia, Pyrrosia, Polypodium spp., | 
et al. The mature gametophyte of the 
Grammitidaceae is longer, narrower, and. 
possessed of a thinner midrib than is. 
characteristic of the Polypodiaceae, and. 
Platycerium is not an exception; the 
rhizoids are marginal and appear late or! 
not at all on the ventral surface. While: 
the colour and slender form of the first 
rhizoid, and the branched hairs of Platy- | 
certum have a resemblance to the gram-. 
mitids, the mature thallus is very different. 
The only genera in cultures of the Poly- 
podiaceae, which showed a similarity to the 
gametophyte of the Grammitidaceae in the | 
mature stage, are those of Crypsinus and 
Selliguea —C. taeniatus ( Sw.) Copel., S.! 
féet Bory and S. heterocarpon Bl.! In ger-| 
mination and rate of growth they are! 
unquestionably polypod, but the elongated | 
antheridium, the slender mature thallus | 
with thin narrow midrib, and the con-. 
tinuous growth of marginal rhizoids with | 
a few belated surface rhizoids are like the | 
Grammitidaceae. The development of! 
marginal rhizoids is characteristic also of | 
Elaphoglossum and Rhipidopteris, which | 
are mostly epiphytic (Stokey & Atkin- | 
son, 1957).* We have had in culture 2 
species of Polypodium, P. pectinatum L. and | 
P. plumula H.B.W., in which the sporo- | 
phyte structure is strongly suggestive of | 
Ctenopteris (Copeland, 1950, Appendix ), | 
but the gametophytes are unquestionably } 


1. We are indebted to R. E. Holttum of the | 
Royal Botanic Garden, Kew, for the spores of | 
C. taeniatus and S. heterocarpon; and to M. G. | 
Irwin, Apia, Western Samoa, for the spores of | 
S. féei. 

2. There is an error in this paper on page 290. | 
In the legend for Fig. 131, please read ‘ cells 
of foot” instead of “ cells of root”. 
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 polypod and have none of the special 
features suggesting grammitid connection 
(Stokey, 1959). The Grammitidaceae 
may be so old a group and so specialized 
in the gametophyte that features are now 
lost which might show relationship to 
genera in other families. 


Summary 


The gametophytes of 27 species of the 
Grammitidaceae were in cultivation from 
2 months to over 4 years. The trilete 
spore germinates usually as a filament 
with 1 or 2 bulbous green cells at its base; 
less frequently it forms a mass or plate 
from which develop one or more filaments. 
The rhizoid is belated and rarely appears 
at germination. The filament consists of 
cells which are more or less bead-like; 
it branches freely. Growth in length is 
by unequal division of the terminal cell — 
“budding ”’. The rhizoids, slender, firm 
and brown, are sharply differentiated from 
the green cells. The filament may broaden 
to a plate at 2-3 months, more often at 4-5, 
or the filamentous stage may persist for 
8-10 months, or more than a year. After 
a few months the filaments break apart 


readily and form segments of one or 
several cells, with or without rhizoids. 
The plate is spatulate, sometimes cordate, 
rarely more than 2-4 cells thick. Growth 
is slow at all stages. The thallus of some 
species bears branched hairs, usually on the 
margin, others have acicular hairs, some 
have both types, and others have none. 

The antheridium, borne on a filament or 
plate, has a wall of 3 (or 4) cells; the basal 
cell is usually much elongated; a divided 
cap cell is found in some species frequently. 
Archegonia are borne on a thin narrow 
cushion behind the notch; the cushion 
may be interrupted. The archegonium, 
usually borne on a cushion only 2 cells 
thick, has a bulbous neck which curves 
away from the notch. Xrphopteris serru- 
lata, although it sometimes bore anther- 
idia and archegonia, was persistently apo- 
gamous. 

Part of this investigation was carried out 
by the senior author in the Marine Bio- 
logical Laboratory, Woods Hole, Mass. 

The junior author wishes to express 
her gratitude to the Biology Depart- 
ment, Amherst College, Amherst, Mass., 
for many courtesies and certain technical 
assistance. 
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REVIEWS 


BOLD, HAROLD C. 1957. “ Morphology 
of Plants.” “Pps 1669. Harper, io 
Brothers, New York. $ 8.00. . 

RECENT curriculum changes have occurred 
in many colleges, influenced considerably 
by increasing emphasis on ‘“ general 
education”. One unfortunate result of 
this altered emphasis was the emasculation 
or even complete elimination of many two- 
semester courses in introductory botany. 
All too often these basic botany courses 
were replaced by so-called general biology 
courses which are, in reality, only anthro- 
pocentric elementary zoology courses pay- 
ing lip service to the field of botany. This 
situation has worked to the detriment of 
students who decide to major in some 
aspect of plant science, in that they have 
been inadequately prepared for advanced 
course work in the various botanical 
disciplines. 

Professor Bold indicates that the present 
text was written in the hopes that it might 
prove a possible solution to these diffi- 
culties. This text, designed for a year’s 
course and covering the entire plant 
kingdom, employs the type method. 
Furthermore, efforts have been made to 
select types readily available to teachers 
in most localities. The utilization of 
living materials in the laboratory, when- 
ever possible, is urged by the author. To 
assist the teacher in attaining this goal, a 
thirty-page appendix is included, which 
outlines the techniques for culturing re- 
presentatives of the various groups of 
plants. In the reviewer’s opinion, this 
appendix is one of the most valuable parts 
of this text. 

A new classification is presented, which 
includes twenty-four divisions, thirteen 
divisions of non-vascular and eleven of 
vascular plants. Table I (pp. 616-617) 
compares the classification of the plant 
kingdom proposed by Eichler ( four divi- 
sions) with that of Tippo ( fifteen divi- 
sions) and that of the present author. 
Although Bold anticipates disagreement 


with his new system of classification, he | 
suggests that ‘in the present state of our | 
factual knowledge, an extremely poly- 
phyletic view really is the more conser- 
vative one.” Despite the fact that many 
botanists probably would agree that the | 
plant kingdom is undoubtedly polyphy- | 
letic, they may take exception to Bold’s 
estimate of his proposed classification as 
‘conservative’. Examples of some of the 
major changes are indicated below. 

The Eumycophyta are abandoned, and 
the Phycomycetes, Ascomycetes, and 
Basidiomycetes of older classifications are 
given the following divisional ranks: 
Phycomycota, Ascomycota, and Basi- 
diomycota. Similarly, the liverworts and | 
mosses are raised to equal rank ( Hepato- | 
phyta and Bryophyta ) on the assumption | 
that no real evidence exists which in- | 
dicates the close relationship of these two 
groups. Turning to the vascular plants, 
the taxon Tracheophyta is abandoned, 
because the author feels that “ the uniting | 
of many diverse morphological types based !| 
solely on their common possession of xylem | 
and phloem is at least open to question.” | 
Accordingly, the whisk ferns, club mosses, 
and horsetails are raised to the divisional | 
level and referred to respectively as Psilo- | 
phyta, Microphyllophyta, and Arthro- | 
phyta. The true ferns are referred to the | 
new division Pterophyta, and the gymno- | 
sperms are divided into the Ginkgophyta, | 
Coniferophyta, and Gnetophyta. The an- | 
giosperms are placed in a single division, | 
the Anthophyta. Even though many | 
modern systematists may agree that the | 
taxon Gymnospermae has outlived its | 
usefulness, some may question the validity | 
of lumping together the cycads, cycadeoids | 
and seed ferns under the Cycadophyta, | 
while at the same time splitting the | 
ginkgos into a separate division from the | 
cordaites and conifers. ' 

A commendable feature of this text is 
the explanation of the derivation of each 
scientific name when it is first mentioned. 
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Another is the rather extensive list of 
discussion questions at the end of each 
chapter, plus a selected list of references 
following several of the chapters. 

The author has attempted to use photo- 
graphs of living material whenever possible 
to supplement the discussions in the text. 
However, the poor quality of many of 
these photographs constitutes the greatest 
shortcoming of this book. An exceptional 
number of photographs are either out of 
focus, lacking in contrast, unevenly il- 
luminated, or are too small to show the 
necessary details referred to in the legends. 
Although it is true that the very nature 
of some of the lower plants in culture does 
not permit sharply-detailed photographs, 
this is not the entire problem, for many 
of the photomicrographs of sectioned 
materials are also inferior in quality. The 
addition of labels to many of the photo- 
graphs would have increased their value 
to the student. 

The phylogenetic approach has been 
emphasized throughout, not only by treat- 
ing the extant plant groups in their proper 
evolutionary sequence, but also by a series 
of summarizations and brief reviews at 
the end of many chapters. However, the 
evolutionary picture would have been 
clearer, if the fossil plants were treated 
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with their living relatives, rather than in a 
single chapter at the end of the book. On 
the other hand, it is acknowledged that 
many teachers will probably prefer the 
present separation of extant and extinct 
species on the assumption that this treat- 
ment is more convenient to the teacher 
(especially when he has little familiarity 
with fossil plants ). 

Briefly, the author has assembled much 
valuable information on the morphology 
of plants. In fact, it is probably the most 
complete and up-to-date text available in 
the English language today. Yet in this 
age of specialization, it is possible that the 
author has attempted too Herculean a 
task; it seems humanly impossible for one 
person to keep up with the latest research 
and to write authoritatively on all groups 
of the plant kingdom. Only time will tell 
whether or not the author will reach his 
commendable goal of attempting to 
strengthen the backgrounds of students 
going into the botanical sciences. Natural- 
ly, this will depend to a large part on the 
number of adoptions of this text for a 
two-semester course. To attempt to utilize 
this text for a one-semester course would 
be an injustice to the author, teacher, 
and student alike. 

J. E. CANRIGHT 


SUGGESTIONS 


1. Unless confusion would otherwise arise, 
the author’s name should appear as initials ( but 
female authors may use one given name in full) 
and surnames only, without titles or suffixes. 
The name and address of the laboratory where 
the work was performed should be noted imme- 
diately below author’s name. Any necessary 
descriptive material regarding the author, e.g. 
Senior Fellow, National Institute of Sciences, 
India, or details of financial support, should 
appear as a footnote on the first page, or prefer- 
ably in the acknowledgements at the end of 
the paper. ; 

2. Articles will be received only from members 
of the International Society of Plant Morpho- 
logists and may be written in English, French or 
German. Although no definite limit can be laid 
down, papers should not ordinarily exceed 20 
printed pages. While it is recognized that full 
detail is essential in many cases, a good many 
articles can be shortened by changes in wording, 
by avoiding a description of what is already well 
known, and by elimination of repetition. 

3. Authors are requested to examine this copy 
of Phytomorphology to note the general organiza- 
tion, position of headings, punctuation and abbre- 
viations in order to bring the script into conformity 
with the general style of the journal. Footnotes 
should be numbered consecutively as 1, 2, 3, etc. 

4. In many manuscripts sent to the editors, 
footnotes, bibliographies, descriptions of figures, 
etc., are typed singlespaced. Since such material 
requires as much editorial marking as the rest, au- 
thors are urged to use double spacing throughout. 

5. Literature citations are to be typed double 
spaced like rest of the manuscript. Give comp- 
lete citation: author, year, title, name of journal, 
volume number and inclusive pages. In abbre- 
viating names of journals follow ‘“‘ World List of 
Scientific Periodicals ’’, or the ‘‘ U.S. Department 
of Agriculture list of abbreviations’’, or the 
list given in Biological Abstracts. The words 
“Indian ’ and ‘Indiana’ should not be abbre- 
viated. A sample citation is given below: 
STOKEY, A. G. 1948. The gametophyte of Actini- 

opteris australis. J. Indian bot. Soc. 27 : 40-49. 

6. The patterns of headings should be as simple 
as possible and not more than three classes are 
to be used. Headings of the first class should be 
underscored with a bold wavy line, of the second 
with two parallel straight lines and of the third 
with a single straight line. 

7. Drawings should be made with pen and 
undiluted India ink for reproduction by the zinc 
etching process. Group as many drawings as 
possible and mount them close together on heavy 


TO AUTHORS 


white cardboard for reduction to the width of a | 
single column (6 cm) or to the full width of the | 
page (13 cm). A part or all of the length of the | 
page (20 cm) may be utilized but it would be | 
helpful if some space is left at the bottom to per- | 


mit insertion of legend below the figures. 


It is | 


not possible to accept loose figures or figures so | 
mounted as to leave large unused spaces between | 
them. Author’s name and figure number must 


be written on the back of each mount. 
affix legends to the figures but type them double 
spaced on a separate sheet. Photographic prints 
should be glossy with strong contrasts. 


Do not | 


Line | 


drawings will be preferred, however, both because | 


of the lower cost of reproduction and their rela- 


tive clearness. When submitting manuscript, give | 


the original magnifications of the illustrations. 


These will be revised later in accordance with the | 
reduction to which the figures are subjected in | 


reproduction. Alternatively give a dimensional 
scale in microns or mm for each figure or for 
each group of figures differing in magnification. 

The thickness of the lines and dots should be 


planned with the desired reduction in mind; it is | 


also important to calculate the requisite spaces 
between lines and dots. 

Illustrations (including tables and graphs) 
should not exceed 20 per cent of the text; authors 


of more copiously illustrated articles may be | 


asked to pay for the excess. 


8. Latin names of plants should be used in all | 


cases in preference to common names, and when 


a plant is comparatively little known, the name | 


of the family should be given in brackets. Un- 


derline both generic and specific names through- | 


out the manuscript. Specific names should 
always be written with a small letter. 
9. Place all acknowledgements at the end 


of the paper just after ‘Summary’ and before | 


‘ Literature Cited ’. 


10. Itis extremely important that galley proofs | 


are promptly returned to the editor. Authors will | 
be billed at cost for alterations in proofs other | 
It is useful | 


than corrections of printer’s errors. 


to write across top of title page of manuscript | 


directions for mailing of proof, thus: Mail proof 
to (author’s name and vacation address, if any ). 


If authors wish to have original illustrations | 


returned subsequent to publication, the editor 
should be so informed at the time proof is 
returned. 

11. Order for reprints should be sent to editor 
with corrected galley proof. Type is destroyed im- 


mediately after printing; hence it becomes impos- | 


sible to supply reprints after publication of papers. 
Thirty reprints are supplied free to the author. 


